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NOTICE

The policies set out in this document are intended solely as guidance: they are not final U.S.
Environmental Protection Agency (EPA) actions. These policies are not intended. nor can theyv be relied
upon. to create any rights enforceable by any party in litigation with the United States. EPA officials may
decide to follow the guidance provided in this document, or to act at variance with the guidance, based on an
analysis of specific site circumstances. The Agency also reserves the right to change this guidance at any time

without public notice. .

This guidance is based on policies in the Final Rule of the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP), which was published on March 8. 1990 (55 Federal Register 8666). The

NCP should be considered the authoritative source.
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DEFINITIONS

Term

Definition

Applicable or Relevant and
Appropriate Requirements
(ARARs)

Cancer Risk

“

Conceptual Site Model

Exposure Parameters

Exposure Pathway

Exposure Point
Exposure Route

Final Remediation Levels

"Applicable” requirements are those clean-up standards. standards
of control, and other substantive environmental protection
requirements, criteria, or limitations promulgated under federal or
state law that specifically address a hazardous substance. pollutant,
contaminant, remedial actioa. location. or other circumstance at a
Comprehensive Environmental Response, Compensation. and
Liability Act (CERCLA) site. "Relevant and appropriate”
requirements are those clean-up standards which. while not
"applicable” at a CERCLA site. address problems or situations
sufficiently similar to those encountered at the CERCLA site that
their use is well-suited to the particular site. ARARs can be action-
specific, location-specific, or chemical-specific. .

Incremental probability of an individual's developing cancer over 2
lifetime as a result of exposure to a potential carcinogen.

A "model” of a site developed at scoping using readily available :

information. Used to identify ail potential or suspected sources of
contamination, types and concentrations of contaminants detected
at the site, potentially contaminated media, and potential exposure
pathways, including receptors. This model is also known as
“conceptual evaluation model®.

Variables used in the calculation of intake (e.g.. exposure duration.
inhalation rate, average body weight).

The course a chemical or physical agent Lakes from a source to an
exposed organism. An exposure pathway describes a unique
mechanism by which an individual or population is exposed to
chemicals or physical agents at or originating from a site. Each
exposure pathway includes a source or release from a source. an
exposure point, and an exposure route. If the exposure point ditfers
from the source, a transport/exposure medium (e.£., 2ir) or media
(in cases of intermedia transfer) aiso would be indicated.

A location of potential contact between an organism and a chemical .

or physical agent.

The way a chemical or physical agent comes in contact with uan
organism (i.e., by ingestion, inhalation. dermal contact).

Chemical-specific clean-up levels that are documented in the
Record of Decision (ROD). They mav differ from preliminary

remediation goals (PRGs) because of modifications resuiting from -

consideration of various uncertainties. technical and exposurc
factors. as well as all nine selection-of-remedy criteria outlined in
the National Oil and Hazardous Substances Pollution Contingency
Plan (NCP).
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DEFINITIONS (Continued)

Term

Definition

Hazard [ndex (HI)

Hazard Quotient (HQ)

"Limiting" Chemical(s)

Preliminary Remediation Goals
(PRGs)

Quantitation Limit (QL)

Reference Dose (RfD)

Risk-based PRGs

Slope Factor (SF)

Target Risk

The sum of two or more hazard quotients for multiple substances
and/or multiple exposure pathways.

The ratio of a single substance exposure level over a specified time
period to a reference dose for that substance derived from a similar

exposure period.

Chemical(s) that are the last to be removed (or treated) from a
medium by a given technology. [n theory, the cumulative residual
risk for a medium may approximately equal the risk associated with
the limiting chemicai(s).

Initial clean-up goals that (1) are protective of human health and
the environment and (2) comply with ARARs. They are developed
early in the process based on readily available information and are
modified to reflect results of the baseline risk assessment. They
also are used during analysis of remedial alternatives in the
remediai investigation/feasibility study (RIFS).

The lowest level at which a chemical can be accurately and
reproducibly quantitated. Usually equal to the method detection
limit multiplied by a factor of three to five, but varies for different
chemicals and different sampies.

The Agency's preferred toxicity value for evaluating potential
noncarcinogenic effects in humans resuiting from contaminant
exposures at CERCLA sites. (See RAGS/HHEM Part A for a
discussion of different kinds of reference doses and reference
coucentrations.)

Concentration levels set at scoping for individual chemicals that
correspond to a specific cancer risk level of 10 or an HQ/HI of 1.
They are generally selected when ARARs are not avaiiable.

A plausible upper-bound estimate of the probability of a response
per unit intake of a chemical over a lifetime. The slope factor is
used to estimate an upper-bound probability of an individual’s
developing cancer as a result of a lifetime of exposure to a
particular leve! of a potential carcinogen.

A value that is combined with exposure and toxicity information to
calculate a risk-based concentration (e.g., PRG). For carcinogenic
effects, the target risk is a cancer risk of 10, For noncarcinogenic
effects, the target risk is a hazard quotient of 1.

1025
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ACRONYMS/ABBREVIATIONS

Acronym/
Abbreviation Definition
ARARs Applicable or Relevant and Appropriate Requirements
CAA Clean Air Act N
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations
cwa Clean Water Act *
EAG Exposure Assessment Group
ECAO Environmental Criteria and Assessment Office
Superfund Health Risk Technical Support Center
EF Exposure Frequency .
EPA U.S. Environmentai Protection Agency
FWQC Federal Water Quality Criteria
HEAST Healih Effects Assessment Summary Tables
HHEM Human Health Evaluation Manual -
HI Hazard Index
HQ Hazard Quotient
HRS | Hazard Ranking System
[RIS [ntegrated Risk [nformation System
LLW ‘Low-level Radioactive Was'te .
MCL Maximum Contaminant Level
MCLG Maximum Contaminant Level Goal
NCP National Qil and Hazardous Substances Pollution Contingency Plan
NPL National Priorities List
OSWER Office of Solid Waste and Emergency Response
OERR Office of Emergency and Remedial Response
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ACRONYMS/ABBREVIATIONS (Continued)

Acronyms/
Abbreviation : Definition

PA/SI Preliminary AssessmentSite [nspection

PEF Particulate Emission Factor ’

PRG Preliminary Remediation Goal

RAGS ' Risk Assessment Guidance for Superfund

RCRA Resource Conservation and Recovery Act ~

RIC Reference Concentration (C\!:'

RID Reference Dose ~
o

RIFS . Remedial [nvestigation/Feasibility Study )

RME Reasonable Maximum Exposure

ROD Record of Decision

RPM : Remedial Project Manager ( {

SARA Superfund Amendments and Reauthorization Act "

SDWA Safe Drinking Water Act

SF Slope Factor

TR | Target Risk

VF Volatilization Factor

wQs State Water QualityAStandards : -
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PREFACE (

Risk Assessment Guidance for Superfund: Volume [ —~ Human Health Evaluation Manual

(RAGS/HHEM) Part B is one of a three-part series. Part A addresses the baselinc ..« assessiaent: Part C
addresses human heaith risk evaluations of remedial alternatives. Part B provides guidance on using U.S.
Environmental Protection Agency (EPA) toxicity vaiues and exposure information (o derive risk-based
preliminary remedial goals (PRGs) for a Comprehensive Eavironmental Response, Compensation, and
Liability Act (CERCLA) site. Initially developed at the scoping phase using readily available information. risk-
based PRGs generally are modified based on site-specific data gathered during the remedial
investigation/feasibility study (RI/FS). This guidance does not discuss the risk management decisions that are
necessary at a CERCLA site (e.g., selection of final remediation goals). The potential users of Part B are
those invoived in the remedy selection and implementation process, including risk assessors, risk assessment
reviewers, remedial project managers, and other decision-makers.

review.

final guidance document. Additional information for specific subject areas is being developed for inclusion
in a later revision. These areas include: ‘

sent to:

This manual is being distributed as an interim document to allow for a period of field testing and
RAGS/HHEM will be revised in the future, and Parts A, B, and C will be incorporated into a single

001029

development of goals for additional land uses and exposure pathways;

_ development of short-term goals; !
additional worker health and safety issues; and
determination of final remediation goals (and attainment).

Comments addressing usefulness, changes, and additional areas where guidance is needed should be i
U.S. Environmental Protection Agency |
Toxics Integration Branch (OS-230)

Office of Emergency and Remedial Response

401 M Street, SW
Washington, DC 20460

Telephone: 202-260-9436
FAX: ~ 202-260-6852
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CHAPTER 1
INTRODUCTION

The purpose of this guidance is to assist risk
assessors, remedial project managers (RPMs), and
others involved with risk assessment and decision-
making at Comprehensive Environmental
Response, Compensation, and Liability Act
(CERCLA) sites in developing preliminary
remediation goals (PRGs). This guidance is the
second part (Part B) in the series Risk Assessment
Guidance for Superfund: Volume [ — Human
Health Evaluation Manual (RAGS/HHEM).

Part A of this series (EP - 1989d) assists in
defining and compietiny a site-specific baseline risk
assessment; much of the information in Part A is
necessarv background for Part B. Part B provides
guidance on using U.S. Eavironmental Protection
Agency (EPA) toxicity values and exposure
information to derive risk-based PRGs. [nitially
developed at the scoping phase using readily
available information, risk-based PRGs generally
are modified based on site-specific data gathered
during the remedial investigation/feasibility study
(RUFS). Part C of this series (EPA 1991d) assists
RPMs, site engineers, risk assessors, and others in
using risk information both to evaluate remedial
alternatives during the FS and to evaluate the
selected remedial alternative during and after its
implementation. Exhibit 1-1 illustrates how the
three parts of RAGS/HHEM are ail used during
the RI/FS and other stages of the site remediation
process.

The remainder of this introduction addresses
the detinition of PRGs, the scope of Part B, the
statutes, regulations. and guidance relevant t0
PRGs. steps in identifying and modifying PRGs,
the communication and documentation of PRGs.
and the organization of the remainder of this
document.

1.1 DEFINITION OF
PRELIMINARY
REMEDIATION GOALS

"In general, PRGs provide remedial design statf
with [ong-term targets to use during analysis and

selection of remedial alternatives. Ideally. such
goals. if achieved, should both comply with
applicable or relevant and appropriate
requirements (ARARS) and result in residual risks
that fully satisfy the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP)
requirements for the protection of human health
and the environment. By developing PRGs early
in the decision-making process (before the RLFS
and the baseline risk assessment are completed),
design staff may be able to streamiine the
consideration of remedial alternatives.

Chemical-specific PRGs are concentration,
goals for individual chemicals for specific medium
and land use combinations at CERCLA sites.
There are two general sources of chemical-specific
PRGs: (1) concentrations based on ARARs and
(2) concentrations based on risk assessment
ARARSs include concentration limits set by other
environmental reguiations (e.g.. non-zero maximum

contaminant level goals [MCLGs| set under the

Sate Drinking Water Act (SDWA]). The second
source for PRGs, and the focus of this document,
is risk assessment or risk-based calculations that
set concentration limits using carcinogenic and/or
noncarcinogenic toxicity values under specific
exposure conditions.

1.2 SCOPE OF PART B

The recommended approach for developing
remediation goals is w identify PRGs at scoping,
modify them as needed at the end of the Rl or
during the FS bused on site-specific information
from the baseline risk assessment. and ultimately
select remediation levels in the Record ot Decision
(ROD). In order to set chemical-specific PRGs in
a sitc-specific context. however, assessors must
answer fundamental questions about the site.
[nformation on the chemicals that are present
onsite. the specilic contaminated media, land-use
assumptions. and the exposure assumptions behind
pathways of individual exposure is necessary in
order to develop chemicai-specific PRGs. Part B
provides ruidaace for considering this information
in developing chemical-specitic PRGs.

1030
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EXHIBIT 1-1

RELATIONSHIP OF THE HUMAN HEALTH EVALUATION
TO THE CERCLA PROCESS

————

CERCLA REMEDIAL PROCESS

s Remedial .
. o Investigation Remedy Selection
Scoping and Record of
Feasibili Decision
Sady

Remedial Desigry
Remedial Action

Five-year Review

HUMAN HEALTH EVALUATION MANUAL

PARTA
Baseline Risk Assessment

PARTB
Development of Risk-based
Preliminary R ation G

PARTC

Risk Evaluation of Remedial Altemadves
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Because o) velopi

Part B focuses op developing
chemical-specific PRGs based on protection of
human_health, there are important types of
information that are not considered and that may

significantly influence the concentration goals
needed 10 satisfy the CERCLA criteria for
selection of a remedy. For example, no
consideration i§ gjven t logicai effects in thi
guidance. Other types of remedial action "goals”
not addressed in detail inciude action-specific
ARARs (e.g.. technology- or performance-based
standards) and location-specific ARARS.

Throughout Part B, the term “chemical-
specific® should be understood to refer to both
nonradioactive and radioactive chemical hazardous
substances, pollutants, or contaminants. Therefore,
the process described in this guidance of selecting
and modifying PRGs at a site should be applied to
each radionuclide of potential concern.
Chapter 10 of RAGS/HHEM Part A provides
background information concerning radionuclides.
and Chapter 4 of RAGS/HHEM Part B includes
radionuclide risk-based equations and a case study
of a hypothetical radiation site.

This guidance onlv_addresses in detail the
initial selection of risk-based . etailed
guidance regarding other factors that cap be used
10 further modi duri ¢ remedy
selection process is presented in other documents
(see Section 1.3). '

1.3 -RELEVANT STATUTES,
REGULATIONS, AND
GUIDANCE

This section provides relevant background on
the CERCLA statute and the regulations created
to implement the statute (i.e., the NCP). In
addition, other CERCLA guidance documents are
listed and their refationship to the site remediation
process is discussed.

1.3.1 CERCLA/SARA

CERCLA. as amended by the Superfund
Amendments and Reauthorization Act of 1986
(SARA), is the authority for EPA to take response
actions. (Throughout this guidance, reference to
CERCLA should be understood t0 mean
"CERCLA as amended by SARA.")

Several sections of CERCLA. especially
section 121 (Clean-up Standards). set out the
requirements and goals of CERCLA. Two
fundamental requirements are that selected
remedies be protective of human heaith and the
environment. and comply with ARARs. CERCLA
indicates a strong preference [or the selection of
remedial alternatives that permanently and
significantly reduce the volume. toxicity. or
mobility of wastes. To the maxmum extent
practicable, the selected remedial alternatives
should effect permanent solutions by using
treatment technologies. Both the law and the
regulation (see below) call for cost-effective
remedial alternatives.

13.2 NATIONAL CONTINGENCY PLAN

Regulations implementing CERCLA are found
in Volume 40 of the Code of Federal Regulations
(CFR). Part 300, and are reterred to collectively as

the NCP. Section 300.430 of the NCP. and several
portions of the preambles in the Federal Register -

(55 Federal Regiscer 3666, March 8. 1990 and 353
Federal Register 51394. December 21. 1988),
address how the Superfund and other CERCLA
programs are to implement the Act’s requirements
and goals concerning clean-up levels.

Nine criteria have been developed in the NCP
1o use in selecting a remedyv. These criteria are
listed in the next box. The first criterion = overail
protection of human heaith and the environment
— is the focus of this document. This criterion
coupled with compliance with ARARSs are referred
to as "threshold criteria” and must be met by the
selected remedial alternative. PRGs are developed
10 quantify the standards that remedial alternatives
must meet in order to achieve these threshold
criteria. See the second bux on the next page for
highlights from the NCP on remediation goais.

133 GUIDANCE DOCUMENTS

There are several existing documents that
provide gudiance on related sieps of the site
remediation process.  These documents are
described in the box on page five. When
documents are referenced throughout this
guidance, the abbreviated titles. indicated in
parentheses atter the full titles and bibliographic
informauon, arc used.
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NINE EVALUATION CRITERIA FOR
ANALYSIS OF REMEDIAL ALTERNATIVES
(40 CFR 300.430(e)(9)(iii))

Threshold Criteria:
¢ Overall Protection of Human Heaith and the
Environment
o Compliance with ARARs
Balancing Criteria:
¢ Long-term Effectiveness and Permanence
s Reduction of Taxicity, Mobuuy or Volume
Through Treatment
« Short-term Effectiveness
s [mplementability
e Cost
Modifying Criteria:
« State Acceptance
» Communuty Acceptance

.

1.4 INITIAL DEVELOPMENT OF
PRELIMINARY
REMEDIATION GOALS

The NCP preamble indicates that, typically,
PRGs are developed at scoping or concurrent with
initial RI/FS activities (i.e., prior to completion of
the baseline risk assessment). This early
determination of PRGs facilitates development of
a range of appropriate remedial alternatives and
can focus selection on the most effective remedy.

Development of PRGs early in the RLUFS
requires the following site-specific data:

e media of potential concern:
e chemicals of potential concern; and
e probable future land use.

This information may be found in the preliminary
assessmentusite inspection (PA/SI) reports or in the
conceptual site model that is developed prior to or
during scoping. (When a site is listed on the
National Priorities List {NPL], much of this
information is compiled during the PA/SI as part
of the Hazard Ranking System [HRS]
documentation record.) Once these factors are
known, all potentiai ARARs must be identified
When ARARs do not exist. risk-based PRGs are
calculated using EPA health criteria (i.e., reference
doses or cancer slope factors) and defauit or site-
specific exposure assumptions.

NCP RULE HIGHLIGHTS
RISK AND REMEDIATION GOALS
(40 CFR 300.430(e)(2))

“In developing and, as appropriate, screening
- alternatives, the lead agency shall: (i) Establish
remedial action objectives specifying contaminants
and media of concern, potential exposure
pathways, and remediation goals.  [nitiatly,
preliminary remediation goals are deveioped based
on readily availabie information, such as chemical-
speciic ARARs or other reliable information.
Preliminary remediation goats should be modified.
as pecessary, as more information becomes
available during the RUFS. Final remediation
goals will be determined when the remedy is
selected.  Remediation goals shall establish
acceptable exposure levels that are protective of
human health and the environment and shall be
developed by considering the followmng:

{A) Applicable or relevant and appropriate
requirements ..., and the following factors:

(1) For systemic toxicants, acceptable
exposure levels shall represent
concentration levels to which the human
poputation, including sensitive subgroups,
may be exposed without adverse etfect
during a lifetime or part of a lifetime.
incorporating an adequate margin of
safety;

(2) For known or suspected carcinogens.
acceptabie exposure levels are generally
concentration levels that represent .an
excess upper-bound lifetime cancer nsk
to an individual of between 10™ and 10
using information on the refationship
between dose and response. The 0™
risk levet shail be used as the point of
departure for determining remediation
goals tor alternatives when ARARSs are
not available or are not sutficientty
protective because of -multiple
contanmunants at a site or muitiple
pathways of exposure ...

It is important t0 remember that risk-based

PR either at scoping or later on) are inutiai
guidelines. Thev do not establish that cleanup tv
meet _these wgoals is warranted. A risk-bused
concentration. as caiculated in this guidance. will
be considered a f{inal remediation level only after
appropriate analysis in the RIFS and ROD.
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GUIDANCE DOCUMENTS

*  Risk Assessment Guidance for Superfund: Volune [ — Hwnan Health Evaiuation Manual Part A (EPA 1989a)
(RAGS/HHEM Part A) contains background information and is particularly relevant for developing exposure and
toxicity assessments that are required when refining chemicat-specific risk-based concentrations, and accounting
for site-speaific factors such as multiple exposure pathways.

»  Gudance for Conducting Remedial [nvestgations and Feasibilitv Studies Under CERCLA (EPA 1988¢) (RLFS
Guidance) presents detailed information about imptementing the RIFS and general information on the use of
risk-based factors and ARARs in the context of the RLFS.

»  Guidance on Remedial Action for Contaminated Ground Wazer at Superfund Sites (EPA 1988d) (Ground-water
Guidance) details some of the key issues in development, evaluation, and selection of ground-water remedial
actions at CERCLA sites.

o CERCLA Compliance with Other Laws Manuals (Part I. EPA 1988a; and Part II, EPA 1989a) (CERCLA
Comptliance Manuais) provide guidance for complying with ARARs. Part [ addresses the Resource Conservation
and Recovery Act (RCRA), the Clean Water Act (CWA), and the SDWA; Part [T addresses the Clean Air Act
(CAA), other federal statutes, and state requirements.

*  Methods for Evaluating the Anainmens of Cleanup Stindards (Volume ]: Soils and Solid Waste) (EPA 1989¢)
and Merhods for Evaluating the Anginmery of Cleanup Standards (Volwne 2: Water) (Drait, 1988, EPA.
Statistical Policy Branch) (Artainment Guidance) provide guidance on evaluating the attainment of remediation
levels, mcludmg appropriate sampling and statistical procedures to test whether the chemical conc.au'anons are
significantly beiow the remediation levels.

* Interim Final Guidance on Preparing Superfund Decision Documenis (EPA 1989b) (ROD Guidance) provides
guidance that: (1) preseats standard formats for documenting CERCLA remediat action decisions; (2) clarifies
the roles and responsibilities of EPA, states, and other federal agencies in developing and issuing decision
documents; and (3) explains how to address changes made to proposed and selected remedies.

*  Cutalog of Superfund Program Publications, Chapter 5 (EPA 1990a) lists all ARARs guidance documents lna( ST
have been issued by EPA, shown in order of date of issuance.

*  Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions (EPA 1991c) provides clarification
on the role of the baseline risk assessment in developing and selecting CERCLA remedial alternatives.

«  Guudance for Data Useability in Risk Assessment (EPA 1990b) (Data Useability Guidance) provides guidance on
how to obtain a minimum levet of quality for ail environmental anaiyticat data required for CERCLA nsk
assessments. [t can assist with determining sample quantuation limits (SQLs) tor chemucal-specific anaiyses.

» Guidance on Remedial Actions for Superfund Sites with PCB Contaminarion (EPA 1990c) describes the
recommended approach for evaluating and remediating CERCLA sites having PCB contamination.

» Conducting Remedial Investigarionsi/Feasibility Studies for CERCLA Municipal Lundfill Sites {(EPA 1991a)
(Munucipal Landfill Guidance) offers guidance on how to streamiine both the RI/FS and the setection of a remedy
tor municipat landfills.

. |

1.5 MODIFICATION OF assessment. it is impor:ant to review the media and
PRELIMINARY 1 esposure wssumptions orginally identifed-at
REMEDIATION GOALS scoping. Chemicals may be added or'dropped from
o the list, and risk-based PRGs mav need to be

The initial list of PRGs may need to be revised recalculated using site-specific exposure factors.
as new data become available during the RLFS. PRGs that are modified based on the results of the

Therefore. upon completion of the baseline risk baseline risk assessment must still meet the

-
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"threshold criteria® of: (1) protection of human
health and the eavironment and (2) compliance
with ARARs. However, the NCP aiso allows for
modification of PRGs during final remedy
selection based on the "alancing” and "modifying”
criteria and factors relating to uncertainty,
exposure, and technical feasibility.

Final remediation levels are not determined
until the site remedy is ready 10 be selected; final
remediation levels are then set out in the ROD.
PRGs are refined into final remediation goals
throughout the process leading up to remedy
selection. The ROD itself, however, should
include a statement of final clean-up levels based
on these goais, as noted in NCP section
300.430(e)(2)(i)(A). In the ROD, it is preferable
to use the term “remediation level” rather than
"remediation goal” in order to make clear that the
selected remedy establishes binding requiremeats.

1.6 DOCUMENTATION AND
COMMUNICATION OF
PRELIMINARY
REMEDIATION GOALS

Clear and concise communication of risk-based
PRGs among the risk assessor, the RPM. the
ARARs coordinator, site engineers, analytical
chemists. hydrogeologists. and others is important
in the development of PRGs. The involvement of
the RPM in the direction and development of
risk-based PRGs is important to ensure that
communication is facilitated and that the PRGs
are used effectively in streamlining the RIFS
process.

Because PRGs are most useful during the
RUFS (e.y.. for streamlining the consideration of
remedial alternatives), it is important (o
communicate them to site engineers as soon as
possible. A memorandum from either the site risk
assessor or the RPM to the site engineers and
others concerned with PRGs would be appropriate
for transmitting the initial PRGs. A brief cover
page could highlight key assumptions, as weil as
changes, if any, to the standard equations (i.e.,
those presented in this guidance). Following this
brief discussion, the PRGs could be presented
using a table similar to that in Section 3.4 of this
guidance.

The RIFS Guidance recommends that
"chemical- and/or risk-based remedial objectives

associated with the alternative shouild be
documented in the final RI/FS report to the extent
possible.” Therefore, the RIFS report is a logical
place to present PRGs that have been modified
after the baseline risk assessment. A summary
table such as the one developed in Section 3.4 of
Part B could be incorporated into the RIFS
following the presentaticn of the baseline risk
assessment. Along with the table, a discussion of
issues of particuiar interest, such as assumptions
used and the relationship between ARARs and
risk-based PRGs at the site, could be included.
Also, it is always appropriate to discuss how
findings of the baseline risk assessment were
incorporated into the calculation of PRGs.

1.7 ORGANIZATION OF
DOCUMENT

The remainder of this guidance is organized

into three additional chapters and two appendices. ,
Chapter 2 discusses the initial ideatification of

PRGs and provides guidance for modifying
appropriate values during the RI/FS. Chapter 3
outlines equations that can be used to calculate
risk-based PRGs for residential and commercial/
industrial land uses.  These equations are
presented in both ‘“reduced® format (i.e.

incorporating certain default assumptions discussed - -

in Chapter 2) and expanded format (i.e.. with all
variables included so that the user of this guidance
can incorporate site-specific values). Particular
considerations regarding radionuclides are provided
in Chapter 4.

Appendix A supports several points made in
Chapter 2 by providing illustrations of remedial

~ alternatives where one or more chemicals “limit"

remediation and, thus, represent a major portion
of the residual risk. Appendix B lists equations for
media-specific exposure pathways. enabling the risk
assessor to derive site-specific equations that differ
from those presented in Chapter 3.

Throughout Chapters 2, 3, and 4, case studies
are presented that illustrate the process of
determining PRGs. These case studies are
contained in boxes with a shadow box appearance:
Other types of boxed information (e.g., NCP
quotes) is contained in boxes such as those in
Chapter 1. which have thicker lines on the top and
bottom than on the sides.
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CHAPTER 2
IDENTIFICATION OF PRELIMINARY
REMEDIATION GOALS

This chapter provides guidance on the initial
identification of PRGs during the scoping phase of
the RUFS. As discussed in Chapter 1,
medium-specific PRGs (ARAR-based and/or
risk-based) should be identified during scoping for
all chemicals of potential concern using readilv
available information. Sections are provided in
this chapter on how to use this information to
identify media and chemicals of potential concern.
the most appropriate future land use, potential
exposure pathways, toxicity information, potential
ARARsS, and risk-based PRGs. Finally, a section
is provided on the modification of PRGs.

When using PRGs developed during scoping,
the design engineers shou:2 understand that these
mav_be modified significantlv depending on
information gathered about the site.  The
subsequent process of identifving kev site
contaminants, media, and other factors (i.e., during
the baseline risk assessment) may require that the
focus of the RIFS be shifted (e.g., chemicals
without ARARs may become more or less
important).  Thus, the design of remedial
aiternatives should remain flexible until the
modified (i.e.. more final) PRGs are available.

Prior to identifying PRGs during scoping. a
conceptual site model should be developed (see
the next box). Originally -developed to aid in
planning site activities (e.g., the RUFS), the
conceptual site model also contains information
that is valuable for identifying PRGs. For
example. it can be relied upon to identify which
media and chemicals need PRGs. More
information on developing and using a conceptual
site model during the RI/FS process can be found

in Chapter 2 of the RUFS Guidance and Chapter 4.

of RAGS/HHEM Part A.

To illustrate the process of calculating
risk-based PRGs at the scoping stage of
remediation, hypothetical CERCLA sites will be
examined in boxes in appropriate sections
throughout Chapters 2, 3. and 4. See the box on

CONCEPTUAL SITE MODEL

During project planning, the RPM gathers and
analyzes available .information and develops the
. conceptual site modei (atso called the conceptual
evaluation model). This model is used 10 assess
the nature and the extent of contamination. [L also
identifies potential contaminant sources, potenual
exposure pathways, and potential human and/or
environmental receptors. Further, this modet heips
to identify data gaps and assists statf in developing
strategies for data collestion., Site history and
PA/SI data generally are extremely usetul sources
of information for developing this modet. The
conceptual site model should include known and
suspected sources of contamination, types Of
“contaminants and atfected media. known and
potential routes of migration, and known Or
potential human and environmental receptors.

the next page for an introduction 1o the first site.
(The radiation case study is addressed in
Chapter 4.) The information (e.g., toxicity vaiues)

contained in these case studies is for illustration
onlv. and shouid not be used for_anv other

purpose. These case studies have been simplified

(e.g.. only ground water will be examined) sO that
* the steps involved in developing risk-based PRGs

can be readily discerned.
2.1 MEDIA OF CONCERN

During scoping. the first step in developing
PRGs is to identify the media of potential concern.
The conceptual site mode! should be very usetul
for this step. These media can be either:

e currently contaminated media to which
individuals may be exposed or through which
chemicals may be transported (0 poteatial
receptors: or
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CASE STUDY: INTRODUCTION

The XYZ Co. site contains an abandoned
industnial facility that is adjaceat t0 a high-
density residential neighborhood. Remnants of
drums, lagoons, and waste piles were found at
the site. Ground water in the area of the site is
used by residents as a domestic water supply.
There is aiso a small lake downgradieat from the
site that is used by some of the local residents
for tishing and swimming.

e currently uncontaminated media that may
become contaminated in the future due to
contaminant transport.

Several important media often requiring direct
remediation are ground water, surface water, soil,
and sediment. Currently, only the first three of
these media are discussed in this chapter and
addressed by the equations provided in Chapters 3
and 4.
development of risk-based concentrations (e.g.
sediments) are identified at scoping, appropriate
equations for those media should be developed.
Regional risk assessors should be consuited as
early as possible to assist with this process.

. CASE STUDY: IDENTIFY MEDIA
OF CONCERN

The PA/SI for the example site indicates that
ground water beneath the site is contaminated.
The source of this contamination appears (o
have been appraximately 100 leaking drums of
various chemicals that were buried in the soil but
have since been removed. Lagoons and waste
piles also may have contributed 0 the
contamination. Thus, ground water and soil are
media of concern.

Although evidence of

lake water

contamination was not found during the PA/SL,
there is a reasonable possibility that it may
become contamunated in the future due to
conuaminant transport either via ground-water
discharge or surface water run-otff.  Thus,
suriace water (the {ake) and sediments also may
be media of concern.

If other media that may require the:

23

2.2 CHEMICALS OF CONCERN

This step involves developing an initial list of
chemicals for which PRGs need to be developed.
Chapters 4 and S of RAGS/HHEM Part A provide
important_additional jnformation on_identifving
chemi of poteptial concern for a site and
should be consuited prior 10 development of the

conceptual site model and PRGs at scoping.

Initiaily, the list of chemicals of potential
concern shouid include any chemical reasonably
expected to be of concern at the site based on what
is known during scoping. For example, important
chemicals previously detected at the site. based on
the PA/SI, the conceptual site model, or other
prior investigations, generally should be included.
In addition, the list may include chemicals that the
site history indicates are likely to be present in
significant quantities, even though they may not vet
be detected. Sources of this lauer type of
information include records of chemicals used or
disposed at the facility, and interviews with current
or former employees. The list also may include
chemicals that are probable degradation products
of site contaminants where these are determined to
be potential contributors of significant risk. An
environmental chemist should be consulted for
assistance in determining the probable degradation
products of potential site-related chemicals and
their persistence under site conditions. Generally,
the chemicals for which PRGs should be developed
will correspond to the list of suspected site
contaminants included in the sampling and analysis
plan.

FUTURE LAND USE

This step involves identifving the most
appropriate future land use for the site so that the
appropriate exposure pathways, parameters. and
equations (discussed in the next section) can be
used to calculate risk-based PRGs. RAGS/HHEM
Part A (Chapter 6) and an EPA Office of Solid
Waste and Emergency Response (OSWER)
directive on the role of the baseline risk
assessment in remedy selection decisions (EPA
1991b) provide additional guidance on identifying
future land use. The standard default equations
provided in Chapter 3 of Part B only address
residential and commercial/industrial land uses. [
land uses other than these are to be assumed (e.g..
recreational), then exposure pathways. parameters.
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CASE STUDY: IDENTIFY CHEMICALS
OF CONCERN

The PA/SI for the XYZ Co. site identified the
following seven chemicais in ground-water
sampies: benzene, ethylbenzene, hexane,
isophorone, triallate, 1,1.2-trichloroethane, and
vinyl chlonde. Therefore, these chemicals are
obvious choices tor chemicals of potentiat -
concern.

Although not detected in any of the PA/ST
sampies, site history indicates that one other
solvent —carbon tetrachioride —also was used in
significant™quantities by the facility that operated
at the site. This chemical, therefore, is added to
the list of chemicals of potential concern.

-

and equations will need to be developed for the
others as well.

[n general, residential areas should be assumed
10 remain residential. Sites that are surrounded by
operating industrial facilities can be assumed t0
remain industrial areas unless there is an
indication that this is not appropriate. Lacking
site-specific information (e.g., at scoping), it may
be appropriate to assume residential land use.
This assumption will generally lead to conservative
(i.e.. lower concentration) risk-based PRGs. If not
enough site-specific information is readily available
at scoping to select one future land use over
another, it may be appropriate 10 develop a
separate set of risk-based PRGs for each possibie
land use.

When waste will be managed onsite, land-use
assumptions and risk-based’ PRG development
become more complicated because the assumptions
for the site itself may be different from the land
use in the surrounding area. For example, if waste
is managed onsite in a residential area. the
risk-based PRGs for the ground water beneath the
site (or at the edge of the waste management unit)
may be based on residential exposures, but the
risk-based PRGs for the site soils may be based on
an industrial land use with some management or
institutional controlis.

[f a land-use assumptioh is used that is less
conservative (i.e.. leads to higher risk-based
concentrations) than another, it generally will be
necessarv to monitor the future uses of that site.

For example. if residential land use is not deemed
1o be appropriate for a particular site because local
zoning laws prohibit residental development, any
changes in local zoning would need to be
monitored. Such considerations shouid be clearty
documented in the site’'s ROD.

CASE STUDY: IDENTIFY FUTURE
LAND USE

Based on established land-use trends. local
renovation projects, and populauoa growth
projections in the area of the XYZ Co. site, the
most reasonable future use of the land is
determined to be residenuaf use. Thus, site-
specific information is suificient to show that the
generally more conservative assumption of
residential land use should serve as the basis for
development of risk-based PRGs.

2.4 APPLICABLE OR RELEVANT
AND APPROPRIATE
REQUIREMENTS

Chemical-specific ARARs are evaluated 3s
PRGs because they are often readily availabie and
provide a preliminary indication about the goais
that a remedial action may have to attain. This
step involves identifying all readily available
chemical-specific potential ARARs for the

"chemicals of potential concern (for each medium

and probable land use). Because at scoping it
often is uncertain which potential ARAR is the
most likely one to become the ARAR-based PRG,
all potentiai ARARs should be included in a
tabuiar summary (i.e.. no potential ARAR shouid

" be discarded). If there is doubt about whether a

value is a potential ARAR. and therefote whether
it could be used as a PRG, it should be included at
this stage.

This section summarizes the conccpt of
ARARs and identifies the major types of ARARSs.
but provides only limited guidance on identifying
the most appropriate (likely) ARAR of ail possible
ARARs (0 use as the chemical-specific PRG.
More detaited information about the identification
and evaluation of ARARs is available {rom two
important sources:

e the NCP (see specifically 33 Federal Register
3741-8766 for a description of ARARs. and
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8712-871S for using ARARS as PRGs: see also
53 Federal Register 51394); and

e CERCLA Compliance Manuals (EPA 1988a
and 1989a). , :

2.4.1 CHEMICAL-, LOCATION-, AND
ACTION-SPECIFIC ARARs

The Agency has identified three general types
of federal and state ARARS:

o chemical-specific, are usually health- or risk
management-based numbers or methodologies
that, when applied to site-specific conditions,
result in the establishment of numerical values
(e.g.. chemical-specific concentrations in a
given medium);

e location-specific, are restrictions placed upon
the concentratidn of hazardous substances or
the conduct of activities solely because they
are in special locations (e.g., wetlands); and

e action-specific, are usually technology- or
activity-based requirements or limitations on
actions taken with respect to hazardous wastes.

This guidance primarily addresses only chemical-
specific ARARs since it focuses on the
identification of chemical-specific concentrations
that represent target goals (e.g., PRGs) for a given
medium.

24.2 SELECTION OF THE MOST LIKELY
ARAR-BASED PRG FOR EACH
CHEMICAL

This section briefly describes which, if any, of
several potentiai ARAR wvalues for a given
chemical is generally selected as the most likely
ARAR-based PRG (and therefore the most likely
PRG at this point). Although the process for
identifying the most likely ARAR-based PRG is
specific to the medium, in general the process
depends on wo considerations: (1) the
applicability of the ARAR to the site: and (2) the
comparative stringency of the standards being

evaluated. The previousiv cited documents should

be carefullv considered for specific
recommendations on identifvinge ARARS.

Ground Water. SDWA maximum contaminant
levels (MCLs), non-zero MCLGs, state drinking
water standards, and federal water quality criteria

(FWQC) are common ARARSs (and. therefore.
potential PRGS) for ground water. Other types of
laws, such as state anti-degradation laws. may be
PRGs if they are accompanied by allowable
concentrations of a chemical. (Aithough state
anti-degradation laws that are expressed as
qualitative standards may also be potential
ARARSs, they generally would not be considered
PRGs.)

As detailed in the NCP (see next box), the first
step in identifying ground-water PRGs is to
determine whether the ground water is a curreat
or potential source of drinking water. If the
aquifer is a potential source of drinking water.
then potential ARARs generally will include the
federal non-zero MCLG, MCL. or state drinking
water standard, and the most siringent (i.e., the
lowest concentration) is identified as the most
likelv ARAR-based PRG.

NCP ON GROUND-WATER GOALS
_ (NCP Preamble;
55 Federal Register 3717, March 8, 1990)

“Ground water that is oot currently a drinking
water source but is potentially a dnnking water
source in the future would be protected 10 levels
appropriate to its use as a drinking water source.
Ground water that is not an actual or potential
source of drinking water may not require
remediation to a 10™ to 10 level (except when
necessary to address environmental concerns or
allow for other beneficial uses; . . .)."

_

If the aquifer is not a potential source of
drinking water, then MCLs, MCL Gs. state drinking
water requirements, or other health-based levels
generally are not appropriate as PRGs. [nstead,
environmental considerations (i.e.. effects on
biological receptors) and prevention of plume
expansion generally determine clean-up levels. [t
an aquifer that is not a potential source of
drinking water is connected to an aquifer that is a
drinking water source, it may be appropriate to use
PRGs to set clean-up goals fcr the point of
interconnection. '

For chemicals without MCLs, state standards.
or non-zero MCLGs., the FWQC mav be
potentially relevant and appropriate for ground
water when that ground water discharges (o surtace
water that is used for fishing or shellfishing.
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Surface Water. FWQC and state water quality
standards (WQS) are common ARARs for surtace
water. An important determination for identifving
ARARS and other criteria as potential PRGs for
surface water is the current designated and future
expected use of the water body. Because surface
water potentially could serve many uses (e.g.,
drinking and fishing), several ARARs may be
identified as potential PRGs for a chemical, with
each ARAR corresponding to an identified use. A
state WQS is generally the most likely ARAR for
surface water unless a federai standard is more
stringent.

If surface water is a current or potential source
of drinking water, MCLs, state drinking water
standards. non-zero MCLGs, and FWQC are
potentiai ARARs. The analysis to determine
which of these drinking water standards is the most
likely ARAR-based, PRG is the same as that
conducted for ground water. An FWQC based on
ingestion of water and fish might be an ARAR for
surface water used for drinking.

If the designated or future expected use of
surface water is fishing or shellfishing, and the
state has not promuigated a WQS, an FWQC
should be considered as a potential ARAR. The
particular FWQC (i.e., for water and fish ingestion
or fish ingestion alone) selected as the potential
ARAR depends on whether exposure from one or
both of the routes is likely to occur and. therefore.
on the designated use of the water body. If other
uses of the water are designated (e.g., swimming),
a state WQS may be available.

Soil. In general. chemical-specific ARARS
may not be available for soil. Certin states.
however, have promuigated or are about to
promuigate soil standards that may be ARARS and
thus may be appropriate to use as PRGs. In
addition, several EPA policies may be appropriate
10 use in developing PRGs (e.g.. see EPA 1990c
for guidance on PCB clean-up levels).

2.5 EXPOSURE PATHWAYS,
PARAMETERS, AND
EQUATIONS

This step is generally conducted for each
medium and land-use combination and invoives
idenufving the most appropriate (1) expusure
pathways and routes (e.g., residential ingestion of
drinking water), (2) exposure parameters (e.g.

2 liters/day of walter ingested), and (3) e¢quations
(e.2. to incorporate intake). The equations
include calculations of total intake from a given
medium and are based on the identified exposure
pathways and associated parameters. [nformation
gathered in this step should be used to calculate
risk-based PRGs using the default equations
identified in Chapters 3 and 4.  Site-specific
equations can be derived if a different set of
exposure pathways is identified for a particular
medium; this option also is discussed in Chapters
3 and 4.

When risk-based concentrations are deveioped
during scoping, readilv_available site-specific
information may be adequate to identify and
develop the exposure pathways. parameters. and
equations (e.g., readily available information may
indicate that the exposure duration should be 40
vears instead of the standard detault of 30 years).
In the absence of readily available site-specific
information, the standard default information in,
Chapters 3 and 4 generally should be usec for the
development of risk-based PRGs.

Exhibit 2-1 lists a2 number of the potential
exposure pathways that might be present at a
CERCLA site. The exposure pathways included in
the medium-specific standard default equations
(see Chapters 3 and 4) are italicized in this exhibit.
Note that Chapters 3 and 4 may not address all of
the sure pathwavs of possibie importance at a
given CERCLA _site. For exampie, the
consumption of ground water that continues to be
contaminated by soil leachate is not addressed.
Guidance on goal-setting to address this exposure
pathway is currently under development by EPA.
In addition. the standard default equations do not
address pathways such as plant and animal uptake
of contaminants from soil with subsequent hurman
ingestion. Under certain circumstances. these or
other exposure pathways may present significant
risks t0 human heaith. The standard default
information. however. does address the quantifiable
exposure pathways that are often significant
contributors of risk for a particular medium and
land use. .

Chapters 3 and 4 show how exposures from
several pathways are addressed in 2 single equation
for 2 medium. For example. in the equation for
ground water and surface water under the
residential land-use assumption. the coetficients
incorporate default parameter values for ingestion
ol drinking water and inhalation of volatiles during
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EXHIBIT 2-1

TYPICAL EXPOSURE PATHWAYS BY MEDIUM
FOR RESIDENTIAL AND COMMERCIAL/INDUSTRIAL LAND USFS™®

Exposure Pathways, Assuming: -

Medium Residential Land Use : Commercial/Industrial Land Use
Ground Water  Ingestion from drinking Ingestion from drinking®
Inhalation of volatiles Inhalation of volatiles
Dermal absorption from bathing Dermal absorption
Immersion - external®
Surface Water  Ingestion from drinking Ingestion from drinking?
Inhalation of volatiles Inhalation of volatiles
* Dermal absorption from bathing Dermai absorption

Ingestion during swimming
Ingestion of contaminated fish

Immersion - external®

Soil Ingestion Ingestion

Inhalation of particulates Inhalation of particulates

Inhalation of volatiles Inhalation of volatiles

Direct external exposure® Direct external exposure®

Exposure to ground water contaminated ~ Exposure to ground water contaminated.
by soil leachate by soil leachate

Ingestion via plant uptake Inhalation of particulates from trucks

. and heavy equipment
Dermal absorption from gardening

3 Lists of land uses, media. and exposure pathways are not comprehensxve

® Exposure pathways included in RAGS/HHEM Part B standard default equations (Chapters 3 and 4) are
italicized.

¢ Applies to radionuclides only.

¢ Becausc the NCP cncourages protection of ground watcr to maximize its beneficial use, risk-based PRGs
generally should be based on residential exposures once ground water is determined to be suitable for drinking.
Similarly, when surface water will be used for drinking. general standards (e.g.. ARARS) are 1o be achieved
that define levels protective for the population at large. not simply worker populations. Residential exposure
scenarios should guide risk-based PRG development for ingestion and other uses of potable water.
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household water use. Full details of parameters
used to develop each equation and a summary of
the “reduced” standard default equations are
provided in the text of these chapters.

Certain modifications of the default equations
. may be desirable or necessary. For exampie, if an
exposure pathway addressed by an equation in
Chapter 3 seems inappropriate for the site (e.g.,
because the water contains no volatiles and.
therefore, inhalation of volatiles is irrelevant), or
if information needed for a pathway (e.g. a
chemical-specific inhalation slope factor ([see
Section 2.6]) is not readily available or derivabie,
then that pathway can be disregarded at this stage.

The decision about whether the risk assessor
should collect site-specific human exposure
pathway information (e.g.. exposure frequency.
duration. or intake rate data) is verv important.
There will frequently be methods available to
gather such information, some of which are more
expensive and elaborate than others. Determining
whether the resulting data are reasonably
representative of populations in the surrounding
area. however, is often difficult. Collecting data by
surveying those individuals most convenieat or
" accessible to RPMs or risk assessors may not
present a complete popuiation exposure picture.
In fact, poorly planned data gathering efforts may
complicate the assessment process. For example,
those surveyed may come to believe that their
contributions will play a more meaningful role in
the risk assessment than that planned by the risk
assessors: this can result in significant demands on
the risk assessor’s time. -

Belore such data collection has begun, the risk
assessor should determine, with the aid of
screening analyses. what benefits are likely to

resuit. Cotlection of the exposure data discussed
in_this section generally should not be attempted
unless significant differences are likelv to resuit in
final reasonable maximum exposure (RME) risk

esumates. [f data collection is warranted,
svstematic and well-considered efforts that
minimize biases in resuits should be undertaken.
Estimates of future exposures are likely to rely
heavily on conservative exposure assumptions. By
definition. these assumptions will be unatfected by
even the most extensive efforts to characterize
current population activity.

At this stage. the risk assessor. site engineer,
and RPM should discuss information concerning

the absence or presence of important exposure
pathways, because remediation goals shouid be
designed for specific areas of the site that a
particular remedy must address. and exposures
expected for one area of the site may differ
significantly from those expected in another area.
251 GROUND WATER/SURFACE WATER

The residential land-use default equations
presented in Chapters 3 and 4 for ground water or
surface water are based on ingestion of drinking
water and inhalation of volatile (vapor phase)
chemicals originating from the household water
supply (e.g., during dish washing, clothes
laundering. and showering).

Ingestion of drinking water is an appropriate
pathway for all chemicals with an oral cancer slope
factor or an oral chronic reference dose. For the
purposes of this guidance, however. inhalation of
volatile chemicais from water is considered,
routinely only for chemicals with a Henry's Law
constant of 1 x 10 atm-m°/mole or greater and
with a molecular weight of less than 200 g/mole.
Before determining inhalation toxicity values for a
specific chemical (Section 2.6). it should be
confirmed that the Henry’s Law constant and
molecular weight are in the appropriate range for
inclusion in the inhalation pathway for water.

Defauit equations addressing industrial use of
ground water are not presented. Because the NCP
encourages protection of ground water 0 its
maximum beneficial use, once ground water is
determined to be suitable for drinking, risk-based
PRGs generally should be based on residential
exposures. Even if a site is located in an industrial
area, the ground water underlying a site in an
industrial area may be used as a drinking water
source for residents several miles away due to
complex geological interconnections.

252 SOIL

The residenuial land-use standard detault
equations for the soil pathway are based on
exposure pathways of ingestion of chemicals in soil
or dust. The industrial land-use equations are-
based on three expusure pathways: ingestion of
soil and dust, inhaiation of particulates. and
inhalation ot volatiles. Again. for the purposes of
this guidance. inhalation of volatile chemicals is
relevant only for chemicals with a Henary's Luw
constant of 1 x 107 atm-m’’mole or greater and

1042

001042



with a molecular weight of less than 200 g/mole.
For the inhalation pathways, in addition to toxicity
information, several chemical- and site-specific
values are needed. These values include molecular
diffusivity, Henry’'s Law constant, organic carbon
partition coefficient. and soil moisture content (see
Chapter 3 for details).

CASE STUDY: IDENTIFY EXPOSURE
PATHWAYS, PARAMETERS,
AND EQUATIONS

For the potential residential land use
identified at the XYZ Co. site, the contaminated
ground water (one of several media of potential
concern) appears to be an important source of
future domestic water. Because site-specific
information is not initially available to develop
specific exposure pathways, parameters, and
equations, the standard defauit assumptions and
equations provided in Chapter 3 will be used to
calculate risk-based PRGs. Exposure pathways
of concern for ground water, therefore, are
assumed to be ingestion Of ground water as
drinking water and inhalation of volatiles in
ground water during household use.

2.6 TOXICITY INFORMATION

This step involves identifving readily available
toxicity values for all of the chemicals of potential
concern for given exposure pathways so that the
appropriate slope factors (SFs: for carcinogenic
effects) and reference doses (RfDs: for
noncarcinogenic effects) are identified or derived
for use in the site-specific equations or the
standard default equations. Therefore. Chapter 7
of RAGS/HHEM Part A ‘shouid be reviewed
carefullv before proceeding with this step.

The hierarchy for obtaining toxicity values for
risk-based PRGs is essentially the same as that
used in the baseline risk assessment. Briefly.
[ntegrated Risk [nformation System (IRIS) is the
primary source for toxicity information: if no
verified toxicity value is available through [RIS.
then Health Effects Assessment Summary Tables
(HEAST) is the next preferred source. When the
development of a toxicity value is required (and
appropriate data are-available). consultation with
the Superfund Health Risk Assessment Technical
Support Center is warranted. EPA statf can
contact the Center by calling FTS-684-7300

(513-569-7300) or by FAX at FTS-684-7159
(513-569-7159). Others must fax to the above
number or write (o:

Superfund Health Risk Technical Support
Center
- Environmental Criteria and Assessment Office
U.S. Eavironmental Protection Agency -
Mail Stop 114
26 West Martin Luther King Drive
Cincinnati, Ohio 45268

Other toxicity information that should be
obtained includes EPA's weight-of-evidence
classification for carcinogens (e.g., A, Bl) and the
source of the information (e.g.. RIS, HEAST).

Note that throughout this document, the term
hazard index (HI) is used to refer to the risk level
associated with noncarcinogenic effects. An Hl is
the sum of two or more hazard quotients (HQs).

An HQ is the ratio of an exposure level of a singie

substance to the RfD for that substance. Because
RfDs are generally exposure pathway-specific (e.g.,
inhalation RfD), the HQ is a single substance/
single exposure pathway ratio. An HIL on the
other hand, is usually either a single substance/
muitiple exposure pathway ratio, a multiple
substance/single exposure pathway ratio, or a
muitiple substance/muitiple exposure pathway
ratio. [n this document, however, only one
exposure pathway is included in the default
equation for some land-us¢ and medium
combinations (e.g., resideatial soil). In order to
remain consistent, the term HI has been used
throughout RAGS/HHEM Pan B, even though for
such a pathway, the term HQ could apply.

2.7 TARGET RISK LEVELS

This step involves identifying target risk

concentrations for chemicals of potential concern.
The standard default equations presented in
Chapters 3 and 4 are based on the following target
risk levels for carcinogenic and noncarcinogenic
effects,

e For carcinogenic effects, a concentration is
calculated that corresponds w0 a 07
incremental risk of an individual developing
cancer over a lifetime as « result of exposure
to the potential carcinogen from all significunt
exposure pathways for a given medium.
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RfD
(mg'kg-day)

o For noncarcinogenic effects. a concentration is
calculated that corresponds to an HI of 1,

which is the level of exposure 10 a chemical
from all significant exposure pathways in a
given medium below which it is unlikely for

even sensitive populations to experience
adverse heaith effects. :

Al scoping, it generally is appropriate to use
the standard default target risk levels described
above and discussed in the NCP. That is. an
appropriate point of departure for remediation of
carcinogenic risk is a concentration that
corresponds to a risk of 10™ for one chemical in a
particular medium. For noncarcinogenic effects.
the NCP does not specify a range. but it generally
is appropriate to assume an HI equal to 1.

2.8 MODIFICATION OF

PRELIMINARY
REMEDIATION GOALS

Upon completion of the baseline risk
assessment (or as soon as data are available), it is
important 1o review the future land use, exposure
assumptions. and the media and chemicals of
potential concern originally identitied at scoping.
and determine whether PRGs need to be modified.
Modification may involve adding or subtracting

SF Weight of
(mg/kg-day)*? Evidence

EXPOSURE ROUTE: INGESTION

Hexane 0.06 HEAST
[sopherone 0.2 IRIS
Triallate 0.013 IRIS
EXPOSURE ROUTE: INHALATION

Hexane 0.04 HEAST
[sophorone - -
Triallatg - -

CASE STUDY: IDENTIFY TOXICITY INFORMATION®

Reterence toxcity vaiues for cancer and noncancer etfzcts (i.e., SFs and RiDs. respectvely) are required for
chermucais without ARAR-based PRGs (onty the case study chemicals without ARARs are listed here). Considenng
the ground.water medium only, ingestion and inhalauon are exposure pathways of concarn.  Toxicity information
is obtained trom [RIS and HEAST, and is shown  the tabie below.

0.0039 C HEAST
- Cc HEAST

* All information in this example is for illustration purposes only. ,

chemicals of concern, media. and pathways or
revising individual chemical-specific goals.
28.1 REVIEW OF ASSUMPTIONS

Media of Concern. As a guide to détermining
the media and chemicals of potential concern, the
OSWER  directive Role of the Baseline Risk
Assessment in Superfund Remedy Selection Decisions
(EPA 1991c) indicates that action is generally
warranted at a site when the cumulative

* carcinogenic risk is greater than 107 or the

cumulative noncarcinogenic HI exceeds 1 bascd on

RME assumptions. - Thus. where the baseline risk

assessment indicates that either the cumulative

current or future risk associated with a medium is

greater than 10~ or that the HI is greater than L.
that medium presents a concern. and it generally i

appropriate to maintain risk-based PRGs lur

contaminants in that medium or develop risk-bascd

PRGs for additional media where PRGs are not

clearly defined bv ARARS.

When the cumulative current or luture_
baseline cancer risk for a medium is within the
range of 10 1o 107, a decision about whether ur
not to take action is a site-specific determination.
Generally. risk-based PRGs are not needed tor any
¢hemicals in a medium with a cumulative canver
risk of less than 10™, where an HI is less than or
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equal to 1, or where the PRGs are clearly defined
by ARARs. However, there may be cases where a
medium appears (0 meet the protectiveness
criterion but contributes to the contamination of
another medium (e.g., soil contributing to ground-
water contamination). [n these cases. it may be
appropriate to modify existing or develop new risk-
based PRGs for chemicals of concern in the first
medium, assuming that fate and transport models
can adequately predict the impacts of concern on
other media. EPA is presently developing
guidance on quantifying the impact of soil
' contamination on underiying aquifers.

Chemicals of Concern. As with the initial
media of potential concern. the initial list of
specific chemicais of potential concern in a given
medium may need to be modified to reflect
increased information from the RI/FS concerning
the importance of the chemicals to the overall site
risk. Chemicals detected during the RI/FS that
were not anticipated during scoping should be
considered for addition to the list of chemicals of
potential concern; chemicals anticipated during
scoping that were not detected during the RI/FS
should be deleted from the list. Ultimately, the
identity and number of contaminants that may
require risk-based PRGs depends both on the
results of the baseline risk assessment and the
extent of action required, given site-specific
circumstances.

Following the baseline risk assessment, any
chemical that has an associated cancer risk
(current or future) within a medium of greater
than 10 or an HI of greater than-1 should remain
on the list of chemicals of potentiai concern for
that medium. Likewise, chemicals that present
cancer risks of less than 10 generally should not
be retained on the list uniess- there are signiticant
concerns about muitipie contaminants and
pathways.

Land Use. After the RI/FS, one future land
use can usually be selected based on the resuits of
the baseline risk assessment and discussions with
the RPM. [n many cases, this land use will be the
same as the land use identified at scoping. In
other cases, however, additional information from
the baseline risk assessment that was not available
at scoping may suggest modifying the initial land-
use and exposure assumptions. A qualitative
assessment shouid be made - and should be
available from the baseline risk assessment — of

the likelihood that the assumed future land use
will occur.

Exposure Pathways, Parameters, and
Equations. For exposure pathways, this process of
modifying PRGs consists of adding or deleting
exposure pathways from the medium-specific
equations in Chapters 5 and 4 to easure that thé
equation accounts for all significant exposure
pathways associated with that medium at the site.
For example, the baseline risk assessment may
indicate that dermai exposure to contaminants in
soil is a significant contributor to site risk. [n this
case, the risk-based PRGs may be modified by
adding equations for dermal exposure. EPA policy
on assessing this pathway is curreatly under
development: the risk assessor should consult the
Superfund Health Risk Technical Support Center
(FTS-684-7300 or 513-569-7300) to determine the
current status of guidance. Likewise, when
appropriate data (e.g.. on exposure frequency and

duration) have been collected during the RIFS,
site-specific values can be substituted for the

default vaiues in the medium-specific equations.

282 [DENTIFICATION OF
UNCERTAINTIES

The uncertainty assessment for PRGs can
serve as an important basis for recommending

further modifications to the PRGs prior to setting
final remediation goais. [t also can be used during
the post-remedy assessment (see Section 2.8.4) to
identify areas needing particular atrention.

Risk-based PRGs are associated with varied
levels of uncertainty, depending on many factors
(e.g.. confidence that anticipated future land use is
correct). To place risk-based PRGs that have been

- developed for a site in proper perspective, an

assessment of the uncertainties associated with the
concentrations should be conducted.  This
assessment is similar to the uncertainty assessment
conducted during the baseline risk assessment (see

RAGS/HHEM Part A, especially Chapters 6, 7, -

and 8). In fact, much of the uncertainty
assessment conducted for a site’s baseline risk
assessment will be directly applicable 10 the
uncertainty assessment of the risk-based PRGs.

In general, each component of risk-based
PRGs discussed in this chapter — from media of
potential concern to target risk level — should be
examined. and the major areas of unceriainty
highlighted.  For example. the uncertainty
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associated with the selected future land use shouid
be discussed. Furthermore, the accuracy of the
technical models used (e.g., for volatilization of
contaminants from soil) to reflect site-specitic
conditions (present and future) should -be
discussed. If site-specific exposure assumptions
have been made, it is particularly important to
document the data supporting those assumptions
and to assess their relevance for potentially
exposed populations.

As the chemical- and medium-specific PRGs
are developed. many assumptions regarding the
RME individual(s) are incorporated. Although
PRGs are believed to be fully protective for the
RME individual(s), the proximity of other nearby
sources of exposure (e.g.. other CERCLA sites.
RCRA facilities. naturally occurring background
contamination) and/or the existence of the same
contaminants in multiple media or of multiple
chemicals affecting the same population(s), may
lead 10 a situation where, even after attainment of
all PRGs. protectiveness is not clearly achieved
(e.g., cumulative risks may fall outside the risk
range). The more likely it is that multipie
contaminants, pathways, operable units, or other
sources of toxicants will affect the RME
individual(s). the more likely it will be that
protectiveness is not achieved. This likelihood
should be addressed when identifying uncertainties.

283 OTHER CONSIDERATIONS IN
MODIFYING PRGs

The NCP preamble and rule state that factors
related to exposure, technical limitations. and
uncertainty should be considered when modifying
PRGs (see next two boxes) and setting final
remediation levels.

While the final remedial action objectives must
satisfy the original "threshold criteria® of protection
of human health and the environment and
compliance with ARARs, the factors in the
"balancing and modifying criteria® (listed in Section
1.3.2) also are considered in the detailed analysis
for choosing among remedial alternatives. [n cases
where the alternative that represents the best
balance of factors is not able to attain cancer risks
within the risk range or an HI of 1, institutional
controls may be used to suppiement ireatment
and/or containment-based remedial action o
ensure protecticn of human health and the
environment.

NCP PREAMBLE: EXPOSURE,
TECHNICAL, AND
UNCERTAINTY FACTORS
(55 Federnl Register 717, March 8, 1990)

*Preliminary remediation goals .. may be
revised .. based on the consideration of
appropriate factors including. but not limited to:
exposure £actors. uncertainty tactors. and technical
factors. Included under exposure ‘actors are:
cumulative effect of muitiple contaminants. the
potential for human exposure from other pathways
at the site, population sensitivities, potential
impacts on environmental receptors, and Cross-
media impacts or alternatives. Factors related 0
uncertainty may include:  the reliabilicy of
alternatuves, the weight of scientific evidence
concerning exposures and individual and
cumulative health effects. and the reliability of

" exposure data. Technical factors may include:
detection/quantification limits for contaminants,
technical limitations to remediation, the ability t0
monitor and control movement Of contaminants,
and background leveis of contaminants. The final
selection of the appropriate risk level is made when
the remedy is seiected based on the baiancing of
critena....”

————————————

e

NCP RULE: EXPOSURE, TECHNICAL,
AND UNCERTAINTY FACTORS

(40 CFR 300.430(€)(2)(i))

“(i)-..Remediation goals..shall be developed by
considenny the fotlowing:

"{A) Apphicable or relevant and approprate
requirements...and the follomng ractors:

"(1) For systenuc toxicants, acceptable
exposure levels....

"(2) For known or suspected carcinogens.
acceptable exposure levels...;

°(3) Facters retated o technical limitations
such as detectowquantficauon limis [or
contaminants:

“(4) Factors retatec to uncertanty; and

°(5) Other perunent wnformanon.”

0

1046

17-

001046



Note that in the absence of ARARSs, the 10¢
cancer risk “point of departure” is used as a
starung point for analysis of remedial alternatives,
which reflects EPA’s preference for managing risks
at the more protective end of the risk range. other

things being equal. Use of "point of departure”

target_risks in this guigance does not reflect a
resumption t the e i i uld

atrain such goals. (See NCP preambie, 55 Federal
Register 8718-9.)

284 POST-REMEDY ASSESSMENT

To ensure that protective conditions exist after
the remedy achieves all individual remediation
levels set out in the ROD, there generally will be
a site-wide evaluation conducted f(ollowing
compietion of a site’s final operable unit (e.g.,
during the five-year review). This site-wide
evaluation should adequately characterize the

_residual contaminant levels and ensure that the

post-remedy cumulative site risk is protective.
More detailed guidance on the post-remedy
assessment of site “protectiveness” is curreatly
under development by EPA.
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CHAPTER 3

CALCULATION OF RISK-BASED
PRELIMINARY REMEDIATION GOALS

This chapter presents standardized exposure
parameters, the derivation of risk equations, and
the corresponding “reduced” equations, for
caiculating risk-based PRGs at scoping for the
media and land-use assumptions discussed in
Chapter 2 (i.e.. ground water, surface water, and
soil for residential land use, and soil for
commercial/industrial land use). Both carcinogenic
and noncarcinogenic effects- are addressed.
Standardized defauit exposure parameters
consistent with OSWER Directive 9285.6-03 (EPA
1991b) are used in this chapter: where default
parameters are not available in that guidance, the
references used are cited. If other media requiring
risk-based PRGs are identified during the RI/FS,
or other exposure parameters or land uses are
assumed. then appropriate equations will need to
be modified or new ones developed.

Risk-based equations have been derived in
order to reflect the potential risk from exposure to
a chemical, given a specific pathway, medium, and
land-use combination. By setting the total risk for
carcinogenic effects at a target risk level of 106
(the NECP's point of departure for analysis of
remedial alternatives), it is possible to solve for the
concentration term (i.c., the risk-based PRG). The
total risk for noncarcinogenic effects is set at an
HI of 1 for each chemical in a particular medium.
Full equations with pathway-specific defauit
exposure factors are presented in boxes with
uniformly thin borders. Reduced equations are
presented in the standard boxes (i.e.. thicker top
and bottom vorders). At the end of this chapter.
the case study that began in Chapter 2 is
conciuded (by showing how to calculate and
present risk-based PRGs).

In general. the equations described in this
chapter are sufficient for calculating the risk-based
PRGs at the scoping stage of the RI/FS. Note,
however, that these equations are based on
standard default assumptions that mav or mav not
reflect site-specific conditions. When risk-based
PRGs are 10 be calculated based on site-specific

conditions. the risk assessor should modify the full ~
. équations, and/or develop additional ones. Risk

equations for individual exposure pathways for a
given medium are presented in Appendix B of this
document, and may be used to develop and:or
modify the full equations. (See the introduction to
Appendix B for more detailed instructions.)

Before examining the calculation of risk-based
PRGs. several important points should be noted:

o Use of toxicity values in the equations as
written currently assumes
absorption effeciency. That is. for the sake of
simplicity at scoping, it is assumed that the
dose administered to test animals in toxicity
studies on which toxicity values are based was
fully absorbed. This assumption may need to
be revised in cases where toxicity values based
on route-to-route extrapolation are used. or
there are significant differences in absorption
likely berween contaminants in site media and
the contaminants in the vehicle used in the
toxicity study. Chapter 7 and Appendix A in
RAGS/HHEM Part A (EPA 1989d) provxde
additional details on this point.

e The risk-based PRGs should contain at most
two significant figures even though some of
the parameters used in the reduced equations
carry additional significant figures.

e The equations presented in this chapter
calculate risk-based concentrations using

inhalation reference doses (RfD;s) and
inhalation slope tactors (SF;s). If only the
reference concentration (RfC) and/or

inhalation unit risk are available for a

particular compound in IRIS, conversion to an
RID; and/or SF; will be necessary. Many
converted toxicity values are available in
HEAST. '

o All standard equations presented here
incorporate pathway-specific default exposure

1048

-19-

100 percent .

001048



factors that generally reflect RME conditions.
As detailed in Chapter 8 of RAGS/HHEM
Part A (in the discussion on combining
pathway risks [Section 8.3]), RME risks from
one pathway should be combined with RME
risks from another pathway only where there
is good reason. Typically, RME from one
pathway is not likely to occur with RME from
another (unless there is a strong logical
dependent relationship between exposures
from the two pathways). If risk-based
concentrations are developed for both the
water and the soil pathways, the risk assessor

ultimately may need (0 adjust exposure.

assumptions from one pathway (i.e., the one
with the lower RME) to less conservative
(more typical) values.

3.1 RESIDENTIAL LAND USE
31.1 GROUND WATER OR SURFACE
WATER

Under residential land use, risk from surface
water or ground-water contaminants is assumed to
be due primarily to direct ingestion and to

inhalation of volatiles from household water use. .

Therefore, only these exposure pathways are
considered in this section. Additional exposure
pathways (e.g., dermal absorption) are possible and
may be significant at some sites for some
contaminants, while perhaps only one exposure
pathway (e.g., direct ingestion of water only) may
be relevant at others. In any case, the risk-based
PRG for each chemical should be caiculated by
considering ail of the relevant exposure pathways.

In the case illustrated here, risks from two
exposure pathways from ground water or surface
water are combined, and the risk-based

concentration is derived to be protective for

exposures from both pathways. Default risk from
ground water or surface water would be calculated
as follows ("total” risk, as used below, refers to the
combined risk for a single chemical from all
exposure pathways for a given medium):

Total risk = Riskfrom <+ Risk from in:.ia-
trom water ingestion ot tion ot volatiles
water (aduit) from household

wacer (aduit)

At scoping, risk from indoor inhalation of
volatiles is assumed to be relevant only for
chemicals that easily volatilize. Thus, the risk

equation incorporates a water-air concentration
relationship that is applicable only to chemicals
with a Henrvs Law constant of greater than 1 x
10" atm-m®/mole and a molecular weight of less
than 200 g/mole. “These critena are not used to
screen out chemicals that are not of potental
concern for this exposure pathway but only to
identify those that generally should be considered
for the inhalation pathway when developing risk-
based PRGs early in the process. Chemicals that
do not meet these criteria may pose significant site
risks (and require risk-based goals) through
volatiles inhalation. = The ultimate decision
regarding which contaminants should be
considered in the FS must be made on a site-
specific basis following completion of the baseline
risk assessment.

Based primarily on experimental data on the
volatilization of radon from household uses of
water, Andeiman (1990) derived an equation that
defines the relationship between the concentration,
of a contaminant in household water and the’
average concentration of the volatilized
contaminant in air. [n the derivation. ail uses of
household water were considered (e.g., showering,
laundering, dish washing). The equation uses a
default “volatilization® cons:am (K) upper-bound
value of 0.0005 x 1000 L/m>. (The 1000 L'm>
conversion factor is incorporated into the equation
50 that the resuiting air concentration is expressed
in mg/m3) Ceruin assumptions were made in
deriving the default constant K (Andelman 1990).
For example, it is assumed that the volume of
water used in a residence for a family of four is
720 L/day, the volume of the dwelling is 150.000 L
and the air e.xchange rate is 025 m hr.
Furthermore, it is assumed that the average
transfer efficiency weighted by water use is 30
percent (i.e., half of the concentration of each
chemical in water will be transfered into air by all
water uses [the range extends from 30% for toilets
to 90% for dishwashers]). See the Andelman
paper for further details.

Concentrations Based on Carcinogenic F.ffects.
Total risk for carcinogenic effects of certain
volatile chemicals would be calculated by
combining the appropriate inhalation and oral SFs
with the two intakes from water:

Intake frum
inhalauon of
wolatties lrom
water

Total = SF, x Intake rom + SF, x
risk -ingestion of
water
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Adding appropriate parar.eters, and then
rearranging the equation to solve for .
coacentration, results in Equation (1).

Equation (1°) on the next page is the reduced
version of Equation (1) using the standard default
parameters. and is used to calculate the risk-based
PRG at a prespecified cancer risk level of 105, It
combines the toxicity information of a chemical
with standard default exposure parameters for
residential land use to generate the concentration

of that chemical that corresponds to a 10
carcinogenic risk level due to that chemical. I[f
either the SF, or SF; in Equation (17) is not
available for a particular chemical. the term
containing that variable in the equation can be
ignored or equated (o zero (e.g., for a chemical
that does not have SF, the term 7.5(SF) in
Equation (17) is ignored). If anv of the default

parameter values are changed to reflect site-

specific conditions, the reduced equation cannot be
used.

RESIDENTIAL WATER - CARCINOGENIC EFFECTS

TR = SE.xCx xEFxED + SFxCxKx xEFxED
BW x AT x 365 daysjyr BW x AT x 365 daysir
= EF x xCx [(SF. x + (SEx Kx IR
. BW x AT x 365 daysiyr

C (mg/L: risk- = TR x BW x AT x 365 davsir (1)
based) EF x ED x [(SF,x Kx IR,) + (SF,xIR,)]
where:
Parameters Definition {units) Default Vajue .
c chemical concentration in water (mg/L) -
TR target excess individual lifetime cancer risk (uainiess) 10
SF, inhalation cancer siope factor ((mg/kg-day)™) chemical-specitic
SF, oral cancer slope factor ((mg/kg-day)™) chemical-specitic
BW adult body weight (kg) 70 kg
AT averaging time (yr) 70 yr- .
EF exposure frequency (daysir) 350 daysiyr
ED exposure duration (yr) 30yt
IR, daily indoor inhalauon rate (m’/day) 15 m‘/day
IR, daily water ingestion rate (L/day) 2 [rday )
K volatilization factor (unitless)- 0.0005 x 1000 L/m’ (Andetman 1990)

Risk-based PRG = 1.7 x 10°

REDUCED EQUATION: RESIDENTIAL WATER — CARCINOGENIC EFFECTS

(mgL; TR = 10%) 2(SF,) + 7.5(SF)

where:

SF, = oral slope factor in (mykg-day)*

SF, = inhalation slope factor in (mgkg-day)*

—
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Concentrations Based on Noncarcinogenic
Effects. Towal HI would be calculated by
combining the appropriate oral and inhalation
RfDs with the two intakes from water: -

HI = [Intake from oral ingestion

Equation (2°) on the next page is the reduced
version of Equation (2) using the standard default
parameters, and is used to calculate the risk-based
PRG at a prespecified HI of 1. [t combines the

toxicity information of a chemical with standard

exposure parameters for residential land use to

R, generate the concentration of that chemical that
] ) corresponds to an HI of 1. If either the RfD or
+. Inta o i - RD; in Equation (2°) is not available for a

Adding appropriate parameters, and then

rearranging

concentration, resuits in Equation (2).

the equation (0 solve for

particular chemtical, the term containing that
variable in the equation can be ignored or equated
to zero (e.g.. for a chemical that does not have
RfD, the term 7.5/RfD; in Equations (27) is

ignored).
RESIDENTIAL WATER — NONCARCINOGENIC EFFECTS
THI = CxIR.xEFx ED + CxKxIR xEF x ED
R{D, x BW x AT x 365 days/yr RiD, x BW x AT x 365 daysiyr
= EFxED x Cx [(VRMD. x [R.) + (/R x Kx [R,)]
BW x AT x 365 daysyr
C (mg/L; risk- = THI x BW x AT x 365 davsivr
based) EFx EDx ((/RID;xKx IR)) + (I/RD,x IR,)]
where:,
Parameters  Definition Default Value
Cc chemical concentration in water (mg/L) -
THI target hazard index (unitless) l
RID, oral chronic reference dose (mg/kg-day) chemical-specific
RID, inhalation chronic reference dose (mg/kg-day) chemical-specific .
BW . adult body weight (kg) 70 kg
AT averaging time (yr) 30 yr (for noncarcinogens, equal to ED)
EF exposure frequency (days/yr) 350 daysyr
ED exposure duration (yr) 30y
IR, daily indoor inhalation rate (m°/day) 15 m'/day
IR, daily water ingestion rate (L/day) 2 Liday )
K - volatilization factor (\FHEes) . 0.0005 x 1000 L/m’ (Andeiman 1990)

2

RID;

"

REDUCED EQUATION: RESIDENTIAL WATER — NONCARCINOGENIC EFFECTS

Risk-based PRG = 73 (2°
(mg/L: THI = 1) [75R(D; + 2RID,]

where:

RiD, oral chronic reference dose in mg/ku-day

inhalation chronic reference dose in myXkg-day

~—

—-————_——-—_—_
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3.1.2 SOIL

~ Under residential land use. risk of the
contaminant from soil is assumed to be due t0
direct ingestion of soil only.
Total risk from soit = Risk from ingestion of soil
(ctuld to adult)

Because the soil ingestion rate is different for
children and adults, the risk due to0 direct ingestion
of soil is calcuiated using an age-adjusted ingestion
factor. The age-adjusted soil ingestion factor
(IFgoivaq;) takes into account the difference in daily
soil mg&non rates, body weights, and exposure
durations for two exposure groups — children of
one to six years and others of seven to 31 vears.
Exposure frequency (EF) is assumed to be
identical for the two exposure groups. For
convenience. this factor is calculated separately as
a time-weighted soil intake, normalized to body
weight. that can then be substituted in the total
intake equation. Caiculated in this manner, the
factor leads to a more protective risk-based
concentration compared to an adult-only

assumption. Note that the ingestion factor is in
units of mg-vr/kg-dav. .and therefore is not directly

comparable to dailv soil intake rate in units of
mg/kg-dav. See the box containing Equation (3)
for the calculation of this factor.

Additional exposure pathways (e.g., inhalation
of particulates, inhalation of volatiles, ingestion of
foodcrops contaminated through airborne
particulate deposits. consumption of ground water
contaminated by soil leachate) are possible at some
sites. The risk assessor should evaluate whether

inhalation or other exposure pathways are
significant at the site. Generaily. for many
undisturbed sites with vegetative cover such as
those found in areas of residential land use, air
pathways are relatively minor contributors ot risk.
Greater concern for baseline risk via air pathways
exists under commercial/industrial land-use
assumptions. given the increased activity levels

likely (see Section 3.2.2). Air pathway risks aiso ,

tend to be major concerns during remedial action
(se¢ RAGS/HHEM Part C). If these other
pathways are known to be significant at scoping.
Appendix B and/or other information should be
used to develop site-specific equations for the risk-
based PRGs. .

Concentrations Based on Carcinogenic Effects.
Total risk for carcinogenic effects would be
caiculated by combining the appropriate orai SF
with the intake from soil:

Total risk = SF, x [ntake from ingesuon of soul .

Adding appropriate parameters. and then
rearranging the equation to solve for
concentration, results in Equation (4).

Equation (4°) below is the reduced version of
Equation (4) using the standard default
parameters, and is used to caiculate the nsk-based -
PRG at a prespecified cancer risk level of 105, It
combines the toxicity information of a chemical
with standard exposure parameters for residential
land use to generate the concentration of that
chemical that corresponds to a 10™ carcinogenic
risk level due o0 that chemical.

AGE-ADJUSTED SOIL INGESTION FACTOR

IF”""I (mg-yr/kg-day) = mﬂaplhi.ap' xED -~ * R, IR mager i ED gel-}a (3).
agsi-e age”e3l
Parameter Definition Defauit Value
IF souadi age-adjusted soil ingestion factor (mg-vekg<say) 114 meves zdav
Wagels average body weight from ages 1-6 (kg) 15 kg

agel-t average body weight trom ages 7-31 (Kkyg) 70 kg - |-
agel exposure duration during ages 1-6 (yr) 6 yr
ageTit 2xposure durauon during ages 7-31 (vr) 2dvr

R ouageio ngeston rate of soil age 1 to 6 (myg/day) 200 myday

R age7.31 ingesuon rate of soil all other ages (mgday) 100 myday
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Concentrations Based on Noncarcinogenic
Effects. Total HI would be calculated by
combining the appropriate oral RfD with the
intake from soil:

HI = [ntake from ingestion

RD,
Adding appropriate parameters, and then
rearranging the equation to solve for

concentration, results in Equation (5).

Equation (5°) is the reduced version of
Equation (3) wusing the standard defauit
parameters, and is for calculating the risk-based
PRG at a prespecified HI of 1. It combines the
toxicity information of a chemical with standard
exposure parameters [or residential land use to
generate the concentration of that chemical that
corresponds to an HI of 1.

RESIDENTIAL SOIL - CARCINOGENIC EFFECTS
TR = 3 3
AT x 365 dayspyr
C (mg/kg; risk- = — IR x AT x 365 davsivear (4
based) SF, x 10° kg/mg x EF x [Fouy
where: ‘
Parameters ition (units ' Default Value
Cc chemical concentration in soil (mg/kg) -
TR target excess individual lifetime cancer risk (unitess) 10°
SF, oral cancer slope factor ((mg/kg-day)™) chemical-specitic
AT averaging time (yr) 0 yr
EF . exposure .frequency (daysAr) 350 days/yr
IF ivag age-adjusted ingestion factor (mg-yr/kg-day) 114 mg-yr/kg-day (see Equation (3)) ~
REDUCED EQUATION: RESIDENTIAL SOIL — CARCINOGENIC EFFECTS
Risk-based PRG = 0.64
(mgkg TR = 10%) SF, (47
where:
. SF, = oral slope tactor in (mg/kg-day)*

3.2 COMMERCIAL/INDUSTRIAL
LAND USE
32.1 WATER

Once ground water is determined (0 be
suitable for drinking, risk-based concentrations
should be based on residential exposures. This is

because the NCP seeks to require protection of.

ground water to allow for its maximum beneficial
use (see Section 2.3). Thus, under the commercial.
industrial land-use scenario, risk-based PRGs for
ground water are calculated according 0
procedures detailed in Section 3.1.1. Similarly. {or
surface water that is to be used for drinking. the
risk-based PRGs should be calculated tor
residential populations. and not simply worker
popuiations.
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THI = Cx10°kymgx EF x [F pu

RfD, x AT x 365 daysiyr

C(mgkg nsk- =

THI x AT x 365 davsr

RESIDENTIAL SOIL — NONCARCINOGENIC EFFECTS

baseu: LRID, x 10” ky/mg x EF x [F .
where: .
Parameters Detinition (units) Default Value
c chemical concentration in soil (mg/kg) -
THI target hazard index (unitless) 1
RD, oral chronic reference dose (mg/kg-day) chemical-specific
AT averaging time (yr) 30 yr (for noncarcinogens, equal to ED (which
is incorporated in IF,41)
EF exposure frequency (daysAr) 350 days/yr -
[Fuing age-adjusted ingestion factor (mg-yr/kg-day) 113 mg-yrikg-day (see Equation (3))

)

322 30IL

Under commercial/industrial land use, risk of
the contaminant from soil is assumed to be due to
direct ingestion, inhalation of volatiles from the
soil, and inhalation of particulates from the soil,
and is calculated for an adult worker only. For
this Jype of land use, it is assumed for caiculating

default risk-based PRGs that there is greater .

potential for use of heavy equipment and related
traffic in and around contaminated soils and thus
greater potential for soils to be disturbed and
produce particulate and volatile emissions than in
most residential land-use areas.  Additional
exposure pathways (e.g.. dermal exposure) are
possible at some sites, while perhaps only one
exposure pathway (e.g., direct ingestion of soil
only) may be relevant at others; Appendix B may
be used to identify relevant exposure pathways to
be combined. [n such cases, the risk is calculated
by considering all the relevant exposure pathways
identified in the RI.

Risk-based PRG = 27x10°(RD,)
(mg/kg; THI = 1)

where:

RD, = oral chronic reference dose in mg/kg-day

REDUCED EQUATION: RESIDENTIAL SOIL — NONCARCINOGENIC EFFECTS

59

In the default case illustrated below, intakes
from the three exposure pathways are combined
and the risk-based PRG is derived to be protective
for exposures from all three pathways. In this case.
the risk for a specific chemical from soil due to the
three exposure pathways wouid be calculated as
follows:

Total risk = Risk from ingestion of soil (worker)
from. sail
+ Risk from inhalation of volatiles from
soil (worker)

+ Risk trom inhalation of particulates
trom soil (worker)

[t is possible to consider only exposure pathways ol

site-specific importance by deriving a site-specilic
risk-based PRG (e.g.. using the equations in
Appendix B).
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Concentrations Based on Carcinogenic Effects.
Total risk for carcinogenic effects would be
calculated by combining the appropriate inhalation
and oral SFs with the three intakes from soil:

Totalrisk = SF, «x [ntake from ingestion of soil

(worker)
+ SF, x I[nrake from inhalation of
volatiles from soil (worker)
+ SF, x Intake from inhalation of
particulates (worker)
Adding appropriate parameters, and then
rearranging the equation to solve for

concentration, results in Equation (6). As
discussed in more detail in Section 3.3.1, Equation
(6a) is used to test the results of Equation (6).

Equation (6°) is the reduced version of
Equation (6) wusing the standard default
parameters. and is used to calculate the risk-based
PRG at a prespecified cancer risk level of 10%. It
combines the toxicity information of a chemical
with standard exposure parameters for
commercial/industrial land use to generate the
concentration of that chemical that corresponds to
a10% carcinogenic risk level due to that chemical.

Concentrations Based on Noncarcinogenic
Effects. Total HI would be caiculated by
combining the appropriate oral and inhalation
RfDs with the three intakes from soil:

HI = [ntake t{rom ingestion

RiD,

(Intake from inhalation of volatiles

+ and particuiates)
RtD;

Adding appropriate par_:_uheters. and then -

rearranging the equation o solve for

concentration, results in Equation (7).

Equation (7°) is the reduced version of
Equation (7) using the standard defauit
parameters. and is used to caiculate the risk-based
PRG at a prespecified HI of 1. It combines the
toxicity information of a chemicai with standard
exposure parameters for commercial/industrial land
use to generate the concentration of that chemical
that corresponds to an HI of 1.

33 VOLATILIZATION AND
PARTICULATE EMISSION
FACTORS

33.1 SOIL-TO-AIR VOLATILIZATION

FACTOR

The volatilization lactor (VF) is used fot
defining the relationship between the
concentration Of contaminants in soil and the
volatilized contaminants in air. This relationship
was established as a part of the Hwang and Falco
(1986) model developed by EPA's Exposure
Assessment Group (EAG). Hwang and Faico
present a method intended primarily to estimate
the permissible residual levels associated with the
cleanup of contaminated soils. This method has
been used by EPA in estimating exposures to PCBs
and 2.3,7,8-TCDD from contaminated soil (EPA
1986 EPA 1988a). One of the pathways
considered in this method is the intake by
inhalation of volatilized contaminants.

The basic principle of the Hwang and Falco
model is applicable only if the soil contaminant
concentration is at or below saturation. Saturation
is the soil contaminant concentration at which the
adsorptive limits of the soil particles and the
solubility limits of the availabie soil moisture have
been reached. Above saturation, pure liquid-phase
contaminant is present in the soil. Under such
conditions, the partial pressure of the pure
contaminant and the partial pressure of air in the
interstitial soil pore spaces cannot be caiculated
without first knowing the mole fraction of the
contaminant in the soil.  Therefore, above
saturation, the PRG cannot be accurately

_ calculated based on volatilization. Because of this
- limitation, the chemical concentration in soil (C)

calculated using the VF must be compared with
the soil saturation concentration (C,,,) calculated
using Equation (6a) or (7a). If Cis greater than
C,,p then the PRG is set equal 10 C,,.

The VT presented in this section assumes that
the contaminant concentration -in the soil is
homogeneous from the soil surface to the depth of
concern and that the contaminated material is not
covered by contaminant-free soil material. For the
purpose of calculating VF, depth of concern is
defined as the depth at which a near impenetrabic
layer or the permanent ground-water level is
reached. -

1055

.26-

001055

—



COMMERCIAL/INDUSTRIAL SOIL — CARCINOGENIC EFFECTS

TR = §E, xCx10*kgmgx EFx ED x IR_,, + S X X ) + L'PEF)
BW x AT x 365 daysyr BW x AT x 365 daysiyr
C (mgXkg: risk- = TR x BW x AT x 365 davsive (6)

001056

based) EF x ED x ((SF, x 10™ kg'mg x IR,,;)) + (SF; x IR, x (I/VF + LPEF})]

where: ’

Parameters Definition (units) Derault Value

C . chemical concentratioa in soil (mgkg) -

TR target excess individual lifetime cancer risk (unitless) 10

SF, inhalation cancer siope factor ({mg/kg-day)™) . chemical-specific

SF, oral cancer siope factor ((mg/kg-day)’) chemical-

BW adult body weight (kg) 70 kg

AT averaging time (yr) 70 yr

EF exposure frequency (days/yr) 250 daysiyr

ED : exposure duration (yr) Sy

IR Soil ingestion rate (mg/day) 50 mg/day

IR, workday inhalation rate (m’/day) 20 m’/day

VF ~ soil-to-air volatilization factor (m’kg) chemical-specific (see Section 3.3.1)

PEF particulate emission factor(m’/kg) 4.63 x 10° m’/xg (see Section 33.2)
Ca =(Kyxsxny) + (sx8y) (6a)

where:

Parameters finition (uni Default Vaiue

Cia soil saturation conceatration (mg/kg)

K, soil-water partition coefficient (L/kg) chemml-speuﬁc. or K. xOC

Koe organic carbon partition coefficient (L/kg) chemicai-specific

oC organic carbon content of sail (fraction) site-specific, or 0.02

s solubility (mg/L-water) chemicai-specific

0, sail moisture content, expressed as a weight tfraction  site-specific

8, soil moisture content, expressed as L-water/kg-soul site-specific

Rt —
REDUCED EQUAleNz COMMERCIAL/INDUSTRIAL SOIL —~ CARCINOGENIC EFFECTS

Risk-based PRG = 29x 10" (67

(mgikg; TR = 109 [((5 x 10%) x SF,) + (SF,x ((20/VF) + (33 x 10%))]

where:

SF, = oral siope factor in (mg/kg-day)*

SF, = inhalation stope factor in (mgkg-day)"

VF = chemical-specific soil-to-air volaulization factor in m- */kg (see Section 3.3.1)

If PRG > C,, then set PRG = C,,, (where Cat
and Section 3.3.1).

= soil saturation concentration (mg/kg); see Equation (6a)

1N s
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THI =

C (mgkg: =

risk-based)
wheré:

Parameters

c
THI
RID,
RID,
BW
AT
EF -
ED
IR,
IR,
VF
PEF

Cax

COMMERCIAL/INDUSTRIAL SOIL — NONC)J'lCINOGEN’lC EFFECTS

s Lt
RiD, x BW x AT x 365 daysiyr

THI x BW x AT x 365 davsie

X + 1

RID; x BW x AT x 365 daysyr

Definition (units)

chemical concentration in soil (mg/kg)
target hazard index (unitless)
oral chronic reference dose (mg/kg-day)

inhalation chronic reference dose (mg/kg-day)

adult body weight (kg)

averaging time (yr)

exposure frequency (days/yr)
exposure duration (yr)

wsoil ingestion rate (mg/day)

workday inhalation rate (m°/day)
soil-to-air volatilization factor (m'/kg)
particulate emission factor (m’/kg)

='(K,xsxn,) +(sx8,)

Detinition (units)

soil saturation concentration (mg/kg)
soil-water partition coetficient (L/kg)
organic carbon partition coefficient (L/kg)
organic carbon content of soil (fraction)
solubility (mg/L-water) .

soil moisture content, expressed as a weight fraction
sail moisturé content, expressed as L-water/kg-soil

ED x EF x [((1/RID,) x 10* ky/mg x [R,,;) + ((I/RMD;) x IR, x (VVF + |/PEF))]

Defauit Value

1

chemical-specific

chemical-specific

70 kg

25 yr (always equal to ED)

250 daysir

S yr

50 mg/day

20 m’/day

chemical-specific (see Section 3.3.1)
4.63 x 10° m’/kg (see Section 3.3.2)

Detfauit Value

chemical-specific, or K. x OC
chemical-specitic

site-specific, or 0.02
chemical-specific

site-specific

site-specific

(73)

1057

REDUCED EQUATION: COMMERCIAL/INDUSTRIAL SOIL — NONCARCINOGENIC EFFECTS

Risk-based

PRG (mgkg:
THI = 1)

where:

RID,
RD,
VF

If PRG > C,,, then set PRG = C_, (where C,,,
Section 3.3.1).

= 102

((5 x 10°/RD,) + ((/RMD)) x ((20/VF)

oral chronic reference dose in mygkg-day
inhalation chronic reference dose in mgkg-day
chemucal-specitic suil-to-air volaulization factor in m/kg (see Secaon 3.5.1)

+ (33 x 10))]

(7

= soil saturation concentratuon (myky): see Equation (73) and

e e = = S )
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A chemical-specific value for VF is used in the
standard default equations (Equations (6). (67).
(7). and (7°) in Section 3.2.2) and is developed in
Equation (8). The VF value calculated using
Equation (8) has been developed for specific use in
the other equations in this guidance: it may not be
applicable in other technical contexts. Equation
(8) lists the standard default parameters for
calculating VF. [f site-specific information is
available, Equation (8) may be modified 0
calculate a VF that is more appropriate for the
particular site. Supporting references should be
consulted when substituting site-specific data to
ensure that the model and specific parameters can
be appropriately applied to the given site.

33.2 PARTICULATE EMISSION FACTOR

The particulate emission factor (PEF) relates
the contaminant concentration in soil with the
concentration of respirable particles (PM,y) in the
air due to fugitive dust emissions from surface
contamination sites. This relationship is derived
by Cowherd (1985) for a rapid assessment
procedure applicable to 2 typical hazardous waste
site where the surface contamination provides a
relatively continuous and constant potential for
emission over an extended period of time (e.g.
vears). The particulate emissions from
contaminated sites are due t0 wind erosion and,
therefore, depend on the erodibility of the surface

VF (m'kg) = 1LSxVxDH) x

A
where:
a (cm*s) = (D.xE)

E + (p X 1-EVK,,

SOIL-TO-AIR VOLATILIZATION FACTOR

Blixex D (8)

(2x D, x Ex K, x 107 kg'g)

Standard detault parameter vaiues that can be used to reduce Equation (8) are listed below. These represent “typical”
values as identitied in a number of sources. For example, when site-specitic vatues are not available, the tength of a
side of the contaminated area (LS) is assumed to be 45 m; this is based on a contaminated area of 0.5 acre which
approximates the size of an average residential lot. The "typicat® values LS, DH, and V are from EPA 1986. “Typical®
values for E, OC. and p, are trom EPA 1984, EPA 1988b, and EPA 1988f. Site-specific data should be substituted
for the default values listed below wherever possible. Standard values tor chemical-specitic D,, H. and K, can be

obtained by calling the Supertund Health Risk Technical Support Ceater.

Parameter Detinition (units) Default

VF volatitization factor (m°/kg) -

LS lengthi ‘of side of contaminated area (m) 45 m

v wind specd in mwing zone (nvs) 2.25 nus

DH diffusion height (m) 2m

A area of contamination (cm-) 20.250.000 cm*

D, etfective ditfusivity (cm®is) D, x E**

E true soil purosity (unitiess) 035

K, soiliair partition coetficient (g soil/em® air) - (H/K) x 41, where 41 is a units
conversion factor

n, true soil density or particulate density (gem’) 265 e’

T expasure interval (s) 79x10°s

D, molecular diffusivity (cm-is) chemical-specitic

H Henry's law constant (atm-m'/mot) chemical-specitic

K, sotl-water partition coetticient (cm®’g) chemicai-speaitic, or K. x OC

K« Qrgamic carbon partition coetficient (emilg) chemical-specitic

ocC Qrganic carbon content ot soil (fraction) site-speqitic. ur 0.02
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material The equation presented below, Equation
(9) is representative of a surface with "unlimited
erosion potential,” which is characterized by bare
surfaces of finely divided material such as sandy
agricultural soil with a large number (“unlimited
reservoir”) of erodible particles. Such surfaces
erode at low wind speeds, and particulate emission
rates are relatively time-independent at a given

wind speed.

This model was selected for- use in
RAGS/HHEM Part B because it represents a

Using the default parameter values given in
the box for Equation (9). the default PEF is equal
10 4.63 x 10° m’/kg. The default values necessary
to calculate the flux rate for an “unlimited
reservoir” surface (ie., G. Uy, U, and F(x)) are
provided by Cowherd (1985), and the remaining
default values (i.e, for LS. V, and DH) are
"tvpical® values (EPA 1986). If site-specific
information is available, Equation (9) may be
modified to calculate a PEF that is more
appropriate for the particular site. Again. the
original reference shouid be consulted when

conservative estimate for intake of particulates; it substituting site-specific data to ensure
is used to derive Equations (6) and (7) in Section applicability of the model to specific site
322 conditions. .
. PARTICULATE EMISSION FACTOR
PEF (m‘Xkg) = LS x V x DH x 3600 s/hr X 1000 gkg (9)
A 0.036 x (1-G) x (U,/U)" x F(x)
where:
Parameter Definition (units) efauit
PEF particulate emission factor (m’/kg) 4.63 x 10° m’/kg
LS width of contaminated area (m) 45 m
v wind speed in mixing zone (m/s) 225 mss
DH diffusion height (m) ' 2m
A area of coatamination (m>) 2025 m*
0.036 respirabie fraction (g/m*-hr) 0.036 g/m*-hr
G fraction of vegetative cover (unitiess) 0 .
Ug mean annual wind speed (n/s) 4.5 mss
U, equivalent threshold value of wind speed 12.8 m/s
at 10 m (m/s) .
F(x) function dependent on U,/U, (unitiess) 0.0497 (determined using Cowherd 1985)
3.4 CALCULATION AND the lower -of the two values is considered the
i isk- RG for anv uiven
PRESENTATION OF RISK- Sporopriate _risk-based F Y
contaminant. The case-study box below illustrates
BASED PRGs

The equations presented in this chapter can be
used to calculate risk-based PRGs for both
carcinogenic and noncarcinogenic effects. If both
a_carcinogenic and a noncarcinogenic_risk-based

PRG _are calculated for a particular chemical. then

a calculation of a risk-based PRG. A summary
table — such as that in the final case-study box —
should be developed to present both the risk-based
PRGs and the ARAR-based PRGs. The table
should be labeled as to wi..:":- it presents the
concentrations that were developed during scoping

" or after the baseline risk assessment.
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CASE STUDY: CALCULATE RISK-BASED PRGs’

Risk-based PRGs tor ground water for isophorone, one of the chemicals detected in ground-water monuonng
wells at the site, are caiculated beiow. [mtial nsk-based PRGs tor isophorone (carcinogenic and noncarcinogenic
effects) are derived using Equations (1°) and (2°) in Secuon 3.1.1. Equations (17) and (2”) combine the toxiauty
information of the chemical (orat RtD of 0.2 mg/kg-day and oral SF of 0.0039 [mg/kg-day|'; inhalation values are
not available and, theretore, only the oral expasure route is considered) with standard exposure parameters. The
calcutated concentrations in my/L correspond (0 a target risk of 10 and a target HQ of 1, as follows:

Carcinogenic = 17x10¢ Noncarcinogenic = __73
risk-based PRG 2(SF,) risk-based PRG 2RO,
= _17x10* ‘ = _73
2(0.0039) 20.2
= 0022 mgL = 73 mgl

The lower ot the two values (i.e., 0.022 mg/L) is selected as the appropriate risk-based PRG. Risk-based PRGs are
calculated similarty for the other chemicals -of concern.

.

? All information in this exampie is tor illustration purpases only.

CASE STUDY: PRESENT PRGs DEVELOPED DURING SCOPING®

Site: XYZ Co. Land Use: Residential
Location: Anyrown, Anystate Exposure Routes: Water Ingestion, Inhalauon of
Medium: Ground Water Volatiles
Risk-based PRGs :
_ (mgL)* ARAR-based PRG
Chemical f
10* HQ =1 Tvpe Concentration (mg/L) |
Benzene - - MCL 0.005
Carbon Tetrachloride - - MCL 0.005
E:hylbenzene , - - MCLG 0.7
MCL 0.7
Hexane - 0.33 - -
Isophorone 0.022°* 73 - -
Triallate - 0.47 - -
1.1.2-Trichloroethane - - MCLG 0.003==~
MCL 0.003
Vinyl chlonde - - MCL 0.002
— - _______________

*  All informauon in this example is for illustration purposes only.

These concentrations were calcuiated using the standard detault equations in Chapter 3.

Of the two potential rigk-based PRGs tor this chemical. this concencration 1§ the selected risk-based PRG.
" Of the two potential ARAR-based PRGs for this chemical. this concentration is selected as the ARAR-
based PRG.
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CHAPTER 4
RISK-BASED PRGs FOR
RADIOACTIVE CONTAMINANTS

This chapter presents standardized exposure
parameters, derivations of risk equations, and
"reduced® equations for calculating risk-based
PRGs for radioactive contaminants for the
pathways and land-use scenarios discussed in
Chapter 2. In addition, a radiation site case study
is provided at the end of the chapter to illustrate
(1) how exposure pathways and radionuclides of
potential concern (including radioactive decay
products) are identified, (2) how initial risk-based
PRGs for radionuclides are calculated using
reduced equations based on information availabie
at the scoping phase, and (3) how risk-based PRGs
can be re-caiculated using full risk equations and
site-specific data obtained during the baseline risk
assessment. Chapters 1 through 3 and Appendices
A and B provide the basis for many of the
assumptions, equations, and parameters used in
this chapter, and therefore shouid be reviewed
before proceeding further into Chapter 4. Also,
Chapter 10 in RAGS/HH=M Part A should be
consulted for additional guidance on conducting
baseline risk assessments at sites contaminated
with radioactive substances.

In general, standardized defauit exposure
equations and parameters used to calculate risk-
based PRGs for radionuclides are similar in
structure and function to those equations and
parameters developed in- Chapter 3 for
nonradioactive chemical carcinogens. Both types

of risk equations:

o Calculate risk-based PRGs for each carcinogen
corresponding to a pre-specified target cancer
risk level of 10, As mentioned in Section
2.8, target risk levels may be modified after the
baseline risk assessment based on site-specific
exposure conditions, technical limitations, or
other uncertainties, as well as on the nine
remedy selection criteria specified in the NCP.

e Use standardized default exposure parameters
consistent with OSWER Directive 9285.6-03
(EPA 1991b). Where default narameters are

not available in that guidance document, other
appropriate reference values are used and
cited.

o . Incorporate pathway-specific default exposure
factors that generally reflect RME conditions.

Taere are, however, several important areas in
which risk-based PRG equations and assumptions
for radioactive contaminants differ substantially
from those used for chemical contaminants.
Specifically, unlike chemical equations.
equations for radionuclides:

e Accept input quantities in units of activity
(e.g.. picocuries (pCi)) rather than in units of
mass (e.g., milligrams (mg)). Activity units are
more appropriate for radioactive substances
because concentrations of radionuclides in

sample media are determined by direct

physical measurements of the activity of each
nuclide present, and because adverse human
heaith effects due to radionucfide intake or
exposure are directly related to the amount,
type, and energy of the radiation deposited in
specific body tissues and organs.

o Consider the carcinogenic effects ot
radionuclides only. EPA designates all
radionuclides as Class A carcinogens based on
their property of emitting ionizing. radiation
and on the extensive weight of epidemiological
evidence of radiation-induced cancer in
humans. At most CERCLA radiation sites.
potential heaith risks are usually based on the
radiotoxicity, rather than the chemical toxicity,
of each radionuclide present.

e Use cancer slope factors that are best

estimates (ie.. median or 30th percenfile”

values) of the age-averaged..lifetime excess
total cancer risk per unit intake ol a
radionuctide (e.g.. per pCi inhaled or ingested)
or per unit externai radiation exposure (c.g.
per microRoentgen) 10 gamma-emitting
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radionuclides. Slope factors given in [RIS and
HEAST have been calculated for individual
radionuclides based on their unique chemical.
metabolic, and radiological properties and
using a non-threshold, linear dose-tesponse
model. This model accounts for the amount
of each radionuclide absorbed into the body
from the gastrointestinal tract (by ingestion)
or through the lungs (by inhalation), the
distribution and retention of each radionuclide
in body tissues and organs, as well as the age,
sex, and weight of an individual at the time of
exposure. The model then averages the risk
over the lifetime of that exposed individual
(i.e.. 70 years). Consequently, radionuclide
slope factors are not expressed as 2 function of
body weight or time, and do not require
corrections for gastrointestinal absorption or
lung transfer efficiencies.

Risk-based PRG equations for radionuclides
presented in the following sections of this chapter
are derived initially by determining the total risk
posed by each radioactive contaminant in a given
pathway, and then by rearranging the pathway
equation to solve for an activity concentration set
equal to a target cancer risk level of 10%. At the
scoping phase, these equations are "reduced” — and
risk-based PRGs are calculated for each
radionuclide of concern — using standardized
exposure assumptions for each exposure route
within each pathway and land-use combination.
After the baseline risk assessment, PRGs can be
recalculated using full risk equations and site-
specific exposure information obtained during the
RL

4.1 RESIDENTIAL LAND USE

GROUND WATER OR SURFACE
WATER

4.1.1

Under the residential land-use scenario, risk
from ground-water or surface water radioactive
contaminants is assumed to be due primarily to
direct ingestion and inhalation of volatile
radionuclides released from the water to indoor
air. However, because additional exposure routes
(e.g.. external radiation exposure due O
immersion) are possible at some sites for some
radionuclides, while only one exposure route may
be relevant at others. the risk assessor aiwavs
should consider all relevant exposure routes and
add or modify exposure routes as appropriate.

. Total risk =

In the case illustrated below, risks from the
two default exposure routes are combined. as
follows:

Risk from ingestion of radionuctides

from water in water (adult)

+ Risk from indoor inhalation of volatile
radionuctides released from water
(adult)

At the scoping phase, risk from indoor
inhalation of volatile radionuclides is assumed to
be relevant oniy for mdionuciides with a Henryv's
Law constant of greater than 1 x 10”5 atm-m*/mole
and a molecular weight of less than 200 g/mole.
However, radionuclides that do not meet these
criteria also may, under certain site-specific water-
use conditions, be volatilized into the air from
water, and thus pose significant site risks (and
require risk-based goals). Therefore, the uitimate
decision regarding which contaminants should be

considered must be made by the risk assessoron a’

site-specific basis following completion of the
baseline risk assessment.

Toual carcinogenic risk is calculated for each
radionuclide separately bv combining its
appropriate oral and inhalation SFs with the two
exposure pathways for water, as [ollows: :

Totalrisk = SF, x [ntake from ingestion of
of radionuclides
+ SF x Intake from inhalation of

volatile radioauclides

By including appropriate exposure parameters for
each type of intake, rearranging and combining
exposure terms in the total risk equation. and
setting the target cancer risk level equal to 107,

the risk-based PRG equation is derived as shown

in Equation (10).

Equation (10°), presented in the next box. is
the reduced version of Equation (10) based on the
standard default values listed below. It is used 10
calculate risk-based PRGs for radionuclides in
water at a pre-specified cancer risk level of 10® by
combining each radionuclide’s toxicity data with
the standard default values for residential land-use
exposure parameters.

- After the baseline risk assessment, the risk
assessor may choose to modify one or more ot the
exposure parameter default values or assumptions
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RADIONUCLIDE PRGs: RESIDENTIAL WATER — CARCINOGENIC EFFECTS
Total risk = [SF,xRWxIR,xEFxED} + [SFxRWxK«xIR,xEFxED]
RW (pCilL; = TR : : (10)
risk-based) EF x ED x [(SF, x IR,) + (SF; x Kx IR}
where:
Parameters Detinition (units) Default Vajue
RW radionuctide PRG in water (pCi/L) -
TR target excess individual lifetime cancer risk (unitiess) 10
SF, inhatation slope factor (risk/pCi) radionuclide-specitic
SF, oral (ingestion) slope factor (risk/pCi) radionuctide-specific
EF exposure frequency (daysir) 350 daysir
ED exposure duration (yr) N
IR, daily indoor inhalation rate (m*/day) 15 m’/day
IR, daily water ingestion rate (L/day) 2 Liday )
K volatilization factor (unitless) 0.0005 x 1000 L/m’ (Andeiman 1990)

Risk-based PRG = 9.5 x 10

SF, =

inhalation slope tactor (risk/pCi)

REDUCED EQUATION FOR RADIONUCLIDE PRGs:
RESIDENTIAL WATER — CARCINOGENIC EFFECTS

(pCVL: TR = 10%) SF,) + 7.5(SF)
where:
SF, = oral (ingestion) slope factor (risk/pCi)

(107

in the risk equations to reflect site-specific
conditions. In this event, radionuclide PRGs
should be caiculated using Equation (10) instead of
Equation (107).
4.1.2 SOIL

Under residential land-use conditions, risk
from radionuclides in soil is assumed to be due to
direct ingestion and external exposure t0 gamma
radiation. Soil ingestion rates differ for children
and adults, therefore age-adjustied ingestion rate
factors are used in the soil pathway equation.
Calculation ot the risk from the external radiation
exposure route assumes that any gamma-emitting
radionuctide in soil is uniformiy distributed in that
soil within a finite soil depth and density, and
dispersed in an infinite plane geometry.

The caiculation of external radiation exposure
risk also includes two additional factors. the
gamma shielding factor (S,) and the gamma
exposure time factor (T,). which can be adjusted to
account for both attenuation of radiation fields due
to shielding (e.g.. by structures. terrain. or
engineered barriers) and for exposure times of less
than 24-hours per day, respectively. S, is expressed
as a fractionai value between O and 1. delineating
the possible risk reduction range from 0% to
100%. respectivelv. due to shielding. The default
value of 0.2 for S, for both residential and
commercial/industriai land-use scenarios retlects
the initial conservative assumption of a 20%
reduction in external exposure due to shielding
from structures (see EPA 1981). T, is expressed us
the quotient of the daily number of hours un
individual is exposed dircctly w0 uan  externul
radiation field divided by the total number ot
exposure hours assumed each day for a given land-
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use scenario (i.e., 24 hours for residential and 8
hours for commercialfindustrial). The defauit
value of 1 for T, for both land-use scenarios
reflects the conservative assumptions of a 24-hr
exposure duration for resideatial populations (i.e.,
24/24 = 1) and an 8-hr exposure duration for
workers (i.e., 8/8 = 1). Values for both factors can
(and, if appropriate. should) be modified by the
risk assessor based on site-specific conditions.

In- addition to direct ingestion of soil
contaminated with radionuclides and exposure to
external radiation from gamma-emitting
radionuclides in soil, other soil exposure routes are
possible, such as inhalation of resuspended
radioactive particles, inhalation of volatile
radionuclides, or ingestion of foodcrops
contaminated by root or leaf uptake. The risk
assessor should therefore identify all relevant
exposure routes within the soil pathway and. if
necessary. develop equations for risk-based PRGs
that combine these exposure routes.

In the case illustrated below, the risk-based
PRG is derived to be protective for exposure from
the direct ingestion and external radiation routes.
Total risk from soil due to ingestion and external
radiation is calculated as follows:

Total risk =
from soil

Risk from direct ingestion of radio-
nuctides in soil (child to aduit)

+ Risk from external radiation from
gamma-emitting radionuctides in soil

Total risk for carcinogenic effects from each
radionuclide of potential concem is calculated by
combining the appropriate oral slope factor, SF,
with the total radionuclide intake from soil, plus

the appropriate external radiation slope factor,

SF,. with the radioactivity concentration in soil:
Toral risk = §F, x Intake from direct ingestion
of soil

+ SF, x Concentration of gamma-
emitting radionuclides in soil

Adding appropriate parameters, then combining
and rearranging the equation to solve for
concentration, results in Equation (11).

Equation (11°) is the reduced version of
Equation (11) based on the standard default values
listed below. Risk-based PRGs for radionuclides

in soil are caiculated for a pre-specified cancer risk
level of 107.

The age-adjusted soil ingestion factor
(IF ggiy/aqy) used in Equation (11) takes into account
the difference in soil ingestion for two exposure
groups — children of one to six vears and all other
individuals from seven to 31 years. [Fyyugy; is
calculated for radioactive contaminants as shown in
Equation (12). Section 3.1.2 provides additional
discussion on the age-adjusted soil ingestion factor.

If any parameter values or exposure
assumptions are adjusted after the baseline risk
assessment to reflect site-specific conditions, soil
PRGs should be calculated using Equation (11).

42 COMMERCIAL/INDUSTRIAL
LAND USE

4.2.1 WATER ,

Under the commercial/industrial land use
scenario, risk-based PRGs for radionuclides in
ground water (and for radionuclides in surface
water used for drinking water purposes) are based
on residential exposures and calculated according
to the procedures detailed in Section 4.1.1 (see
Section 3.2.1 for the rationale for this approach).
Risk-based PRGs should be calculated considering
the possibility that both the worker and general
population at large may be exposed to the same
contaminated water supply.
422 SOIL

Under the commercial/industrial land use
scenario. four soil exposure routes — direct
ingestion, inhalation of volatile radionuclides.
inhalation of resuspended radioactive particulates,
and external exposure due to gamma-emitting
radionuclides — are combined to calculate risk-
based radionuclide PRGs in soil for adult worker
exposures.  Additional exposure routes (&.g.,
ingestion of foodcrops contaminated Dby
radionuclide uptake) are possible at some sites.
whiie only one exposure route (e.g. external
radiation exposure only) may be relevant at others.
The risk assessor should therefore consider and
combine all relevaat soil exposure routes. as
necessary and appropriate. based on site-specific
conditions.
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RADIONUCLIDE PRGs: RESIDENTIAL SOIL — CARCINOGENIC EFFECTS

Totalirisk = RS x ({(SF,x 10°ymygx EF x [F,;,,,) + (SF, x 10°¢kg x ED x D x SD x (1-5,)x T,)]

RS (pCug; = i IR (1)
nsk-based) (SF, x 107 x EF X [Fpuaq) + (SF,x I0°XxEDxDxSD x (1-5,)x T,)

where:

Parameters efiniti units Default Value

RS radionuctide PRG in soil (pCi/g) -

TR target excess individuat lifetime cancer risk (unitless)  10*

SF, oral (ingestion) siope factor (risk/pCi) radionuctide-specific

SF, external exposure slope factor (risk/yr per pCim®) radionuctide-specific

EF ~ exposure trequency (days/r) 350 daysyyr

ED exposure duration (yr) 30 yr

1§ age-adjusted soii ingestion factor (mg-yr/day) 3600 mg-yr/day (see Equation (12))
D depth of radionuctides in soil (m) 0.lm

SD soil density (kg/m*) 1.43 x 10° kym'

S, gamma shielding factor (unitless) 0.2 (see Section 4.1.2)

T. gamma exposure time factor (unitless) 1 (see Section 4.1.2)

e —
REDUCED EQUATION FOR RADIONUCLIDE PRGs:
RESIDENTIAL SOIL — CARCINOGENIC EFFECTS

Risk-based PRG - = 1x10% (11"
(pCi'g: TR = 104 13 x 10°(SF,) + 3.4 x 10° (SF,)

where:

SF, = oral (ingestion) slope factor (risk/pCi)
SF, = external expasure slope factor (riskyr per pCUm®)

“

AGE-ADJUSTED SOIL INGESTION FACTOR

IFnlladi (mg'yr/daY) = (IRsaﬂap %X ED:,. -+ (IRQ-L:;Q AT ED:_: 731) (12)

where:
Parametess Detinition (units) Default Value
IF g age-adjusted soil ingestion tactor (my-yr/day) 3600 my-yr/day
R uiage 1 ingestion rate of soil ages 1-6 {mgday) 200 myday
age 731 ingestion rate of soil ages 7-31 (mg/day) 100 my/day
ED,q 10 expasure duration during ages 1-6 (yr) 6 yr -
ED,, .5 exposure duration during ayes 7-31 (vr) Ay
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In the case illustrated below, total risk from
radionuctides in soil is calculated as the summation
of the individual risks from each of the four
exposure routes listed above: ’

Total risk =
from soil

Risk from direct ingestion of radio-
nuclides in soil (worker)

+ Risk from inhalation of volatile
radionuctides (worker)

+ Risk rom inhatation of resuspended
radioactive particulates (worker)

+ Risk from external radiation from,
gamma-emitting radioguctides (worker)

Total risk for carcinogenic effects for each
radionuclide is calculated by combining the
appropriate ingestion, inhalation, and external
exposure SF values with relevant exposure
parameters for each of the four soil exposure
routes as [ollows:

Toal = SF, x Intake from direct ingestion of
risk radionuctides in soil (worker)
+ 3F, x Intake from inhalation of
volatile radionuctides (worker)
+ SF, x Intake trom inhaiation of resus-
pended radioactive particulates
(worker)
+ SF, x Concentration of gamma-emitring
) radionuctides in soil (worker)
Adding appropriate parameters, and then

combining and rearranging the equation to solve
for concentration, results in Equation (13).

Equation (13°) below is the reduced version of
Equation (13) based on the standard default values
* below and a pre-specified cancer risk level of 10™.
It combines the toxicity information of a
radionuclide with standard exposure parameters for
commercial/industrial land use (0 generate the
concentration of that radionuclide corresponding
to a 10® carcinogenic risk level due to that
radionuclide.

If any parameter defauit values or assumptions
are changed after the baseline risk assessment to
reflect site-specific conditions, radionuclide soil
PRGs should be derived using Equation (13).

423 SOIL-TO-AIR VOLATILIZATION

FACTOR

The VF. defined in Section 2.2 for chemicals.
also applies tor radioactive contaminants with the
following exceptions.

e Most radionuclides are heavv metal elements
and are non-volatile under normal. ambient
conditions. For these radionuclides. VF values
need not be calculated and the risk due to the
inhaiation of volatile forms of these nuclides
can be ignored for
determining PRGs.

e A few radionuclides, such as carbon-14 (C-14).
tritium (H-3), phosphorus-32 (P-32), sulfur-35
(S-35), and other isotopes, are volatile under
certain chemical or environmental conditions.
such as when they are combined chemicaily
with volatile organic compounds (i.e., the so-
called radioactively-labeled or "tagged” organic’
compounds), or when they can .exist in the
environment in a variety of physical forms,
such as C-14 labeled carbon dioxide (CO,) gas
and ritiated water vapor.  For these
radionuclides, VF values should be calculated
using the Hwang and Falco (1986) equation
provided in Section 3.3.1 based on the

_chemical species of the compound with which
they are associated.

e The  naturally occurring, non-volatile
radioisotopes of radium, namely Ra-226 and
Ra-224, undergo radioactive decay and form

inert, gaseous isotopes of radon, ie., Rn-222

(radon) and Rn-220 (thoron), respectively.

" Radioactive radon and thoron gases emanate
from their respective parent radium isotopes
in soil, escape into the air. and can pose
cancer risks if inhaled. For Ra-226 and Ra-

" 224 in soil. use the default values shown in the
box on page 40 for VF and for SF, in
Equation (12) and Equation (127).

43 RADIATION CASE STUDY

This section presents a case study of 2
hypothetical CERCLA radiation site. the ACME
Radiation Co. site, to illustrate .the process of
calculating pathway-specific risk-based PRGs tor
radionuclides using the risk equations and
assumptions presented in the preceding sections ol
this chapter. The radiation site case study is
modeled after the XYZ Co. site study discussed in
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RADIONUCLIDE PRGs: COMMERCIAL/INDUSTRIAL SOIL — CARCINOGENIC EFFECTS

Torat = RS x EDx [(SF,x 10%g/mg x EF x IR,,) + (SF, x 10°ykg x EF x [R,, x LVF)

risk
+ (SF, x 10°g/kg x EF x IR, x /PEF) + (SF, x 10°gkg x D x SD x (1-5,) x T)]
RS = TR (13)
(pCi/gs ED x [(SFX10XEFxIR o) + (SFXIO*xEFXIR,,) x (UVF + LPEF) + (SF x10°xDxSDx(1-S )XT,)]
risk-based)
where:
Parameters Definition (units) Default Value
RS radionuctide PRG in soil (pCV/g) -
TR target excess individual lifetime cancer nisk (unidless) 10¢
SF, inhalation slope factor (risk/pCi) radionuclide-specitic
SF, oral (ingestion) slope tactor (risk/pCi) radionuclide-specitic
SF, . external expasure slope factor (risk/yr per pCi/m®) radionuclide-specitic
EF exposure frequency (days/yr) 250 daysfr
ED ' exposure duration (yr) Sy
IR,, workday inhalation rate of air (m*/day) 20 m’/day
IR, daily soil ingestion rate (mg/day) 50 mg/day
VF " soil-to-air volatilization factor (m’/kg) radionuclide-specitic (see Section 4.2.3)
PEF particulate emission factor (m’/kg) 4.63 x 10° m'/kg (see Secuon 33.2)
D depth of radionuctides in soil (m) 0.lm
sD soil deasity (kg/m®) 1.43 x 10° Kg/mr’
Se gamma shieiding factor (unitiess) 0.2 (see Secuon 4.1.2
T, Jamma exposure factor (unitless) 1 (see Section 4.1.2)

N

REDUCED EQUATION FOR RADIONUCLIDE PRGs:
COMMERCIAL/INDUSTRIAL SOIL — CARCINOGENIC EFFECTS®

Risk-based PRG = 1 x 10® (139

(pCig: TR = 100 [(3.1x 10°(SF,)) + (13 x 10%VF + 2.7 x 10} (SF))) + (29 x 10° (SF))]
where:

SF, = oral (ingestion) slope factor (risk/pCi)

SF, = inhalation slope factor (risk/pCi)

SF, = external exposure slope factor (riskye per pCi/m®) )

VF = radionuclide-specific soil-to-air volatilization factor in m°/kg (see Section 3.3.1)

“NOTE: See Secuon 4.2.3 when calculating PRGs for Ra-226 and Ra-224.

“‘

Chapters 2 and 3. [t generally follows a two-phase
format which consists of a "at the scoping stage’
phase wherein risk-based PRGs for radionuclides
of potential concern are calculated initially using
reduced equations based on PA/SI data, and then
a second. "atter the baseline risk assessment” phase
wherein radionuclide PRGs are recalculated using

full equations and modified site-specific parameter
values based on RI/FS data. -

Following an overview of the history and
current status of the site presented in Section 4.3.1.
Section 4.3.2 covers 2 number of important steps
taken early in the scoping phase to calculate
preliminary risk-based PRGs assuming a speific
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FOR Ra-226 AND Ra-224

Default VF [nhalation
Value Siope
2Cixg Ry Factor, SF;
Radium pCie’ Ra® (risk/pCi)**
Ra.226 S [.1E-11
Ra-224 200 4.7E-11

* Calculared using vaiues taken from NCRP
1976 and UNSCEAR 1982: Assumptions: (1) an
average Ra-226 soil concentration of 1 pCig
associared with an average ambient Rn-222 air
concentration of 120 pCi/m’® and (2) an average
Ra-224 soil concentration of 1 pCi/g associated
with an average ambient Rn-220 air concentration
of 5§ pCi/m".

** Slope factor values are for Rn-222 (plus
progeny) and tor Rn-220 (pius progeny).

land-use scenario. Section 4.3.3 then discusses how
initial assumptions and caiculations can be
modified when additional site-specific information
becomes available.
43.1 SITE HISTORY

The ACME Radiation Co. site is an
abandoned industrial facility consisting of a large
factory building situated on ten acres of land
surrounded by a  high-density  resideatial
neighborhood. Established in 1925, the ACME
Co. manufactured luminous watch dials and gauges
using radium-based paint and employed
approximadtly 100 workers. mostly women. With
the declining radium market, ACME phased out
dial production and expanded its operations in
1960 1o include brokering (collection anc zisposal)
of low-level radioac:.ve waste (LLW). ifter the
company was issued a state license in 1961, ACME
began receiving LLW [rom various nearby
hospitals and research laboratories. In 1975, acting
on an anonymous complaint of suspected
mishandling of radioactive waste, state officials
visited the ACME Co. site and cited the company
for numerous storage and dispusal violations.
After ACME failed to rectify plant conditions
identified in initial and subsequent citations, the
state first suspended. and then later revoked its
operating license in 1978. Around the same time,

SOIL DEFAULT VALUES FOR VF AND SF,

officials detected radium-226 (Ra-226)
contamination at a few neighboring locations off
site. However, no action was taken against the
company at that time. When ACME filed “°r
bankruptcy in 1985. it closz” o facility ce  »
compleung cleanup.

[n 1987, the state and EPA conducted an
aerial yamma survey over the ACME Radiation
Co. site and surrounding properties to investiv-
the potential extent of radioactive contamin:
in these areas. The overflight survey reve.. i
several areas of elevated exposure rate readings.
although individual gamma-emitting radionuclides
could not be identified. When follow-up ground
level surveys were performed in 1988. aumerous
"hot spots” of Ra-226 were pinpointed at various
locations within and around the factory building.
Three large soil piles showing enhanced
concentrations of Ra-226 were discovered along
the southern border. Approximately 20 rusting

drums labelled with LLW placards also were,

discovered outside under a covered storage area.
Using ground-penetrating radar, EPA detected
subsurface magnetic anomalies in a few locations
within the property boundary which suggested the
possibility of buried waste drums. Based on
interviews with people living near the site and with
former plant workers. the state believes that
radium contaminated soil may have been removed
from the ACME site in the past and used locally
as fill material for the construction of new homes
and roadbeds. .Site access is currently limited (but
not entirely restricted) by an existing security
fence.

[n 1988, EPA’s regional field investigation
team completed a PA/SI. Based on the PAJSI
data. the ACME Radiation Co. site scored above
28.50 using the HRS and was listed on the
National Priorities List in 1989. Early in 1990, an
RI/FS was initiated and a baseline risk assessment
is currently in progress.

43.2 AT THE SCOPING PHASE

[n this subsection, several steps are outlined to
show by example how initial site data are used at
the scoping phase to calculate risk-based PRGs for
radionuclides in specitic media of concern.
Appropriate sections of Chapters 2 and 3 should
be consulted for more detailed explanations for
each step considered below.
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Identify Media of Concern. A large stream
runs along the western border of the site and feeds
into a river used by some of the local residents for
fishing and boating. Supplemental water intake
ducts for the municipal water treatment piant are
located approximately 300 vards downriver, and the
site is situated over an aquifer which serves as the
primary drinking water supply for a community of
approximately 33,000 peopie.

Analyses of ground water, soil, and stream
sediment samples taken during the PA/SI revealed
significant levels of radionuclide contamination.
Potential sources of contamination include the soil
piles, process residues in soil. and radionuclides
leaking from buried drums. Air filter samples and
surface water sampies from the stream and river
showed only background levels of activity.
(Background conceatrations were determined from
analyses conducted on a limited number of air.
ground water, surface water, and soil samples
collected approximately one mile from the site.)

The data show that the media of potential
concern at this site include ground water and soil.
AiinQugh stream water and river water were not
found to be contaminated, both surface water
bodies may become contaminated in the future due
to the migration of radionuclides from sediment,
from the exposed soil piles, or from leaking drums.
Thus, surface water is another medium of potential
concern.

For simplicity, only soil will be discussed as
the medium of concern during the remainder of
this case study. Procedures discussed for this
medium can nevertheless be applied in a similar
manner to all other media of concern.

Identify Initial List of Radionuclides of
Concern. The PA/SI for the ACME Radiation Co.
site identified elevated concentrations of five
radionuclides in soil (Ra-226, tritium (H-3).
carbon-14 (C-14), cesium (Cs-137), and strontium
(Sr-90)). These comprise the initial list of
radionucfides of potential concern.

Site records indicate that radioisotopes of
cobalt (Co-60), phosphorus (P-32), suifur (S-35).
and americium (Am-24! and Am-243) were
included on the manifests of several LLW drums in
the storage area and on the manifests of other
drums suspected to be buried onsite. Therefore.
althovgh not detected in any of the initial soil
samples analyzed. Co-60, P-32, S-35, Am-241. and

Am-243 are added to the list for this medium
because of their potential to migrate from leaking
buried drums into the surrounding soil

[dentify Probable Land Uses. The ACME
Radiation Co. site is located in the center of a
rapidly developing suburban community comprised
of single and multipte family dwellings. The area
immediately encircling the site was recently re-
zoned for residential use only: existing commerciai
and light industrial facilities are currently being
relocated. Therefore, residential use is determined
to be the most reasonable future land use for this
site.

Identify Exposure Pathways, Parameters. and
Equations. During the scoping phase. available
site data were neither sufficient w0 identify all
possible exposure pathways nor adequate enough
to develop site-specific fate and transport
equations and parameters. Therefore. in order t0
calculate initial risk-based PRGs for radionuctides

of potential concern in soil, the standardized '’

default soil exposure equation and assumptions
provided in this chapter for residential land use in
Section 4.1.2 are selected. (Later in this case study,
examples are provided to illustrate how the full
risk equation (Equation (11)) and assumptions are
modified when baseline risk assessment data
become available.) )

For the soil pathway, the exposure routes of
concern are assumed to be direct ingestion of soil
contaminated with radionuclides and exgosure to
external radiation from gamma-emitting
radionuclides. Again, although soil is the only
medium discussed throughout this case study,
exposure pathways, parameters, equations. and
eventually risk-based concentrations would need to
be identified and developed for all other media and
exposure pathways of potential concern at an
actual site,

‘Identify Toxicity Information. To calculate
media-specific risk-based PRGs. reference toxicity
values for radiation-induced cancer effects are
required (i.e.. SFs). As stated previously, soil
ingestion and external radiation are the exposure
routes of concern for the soil pathway. Toxicity
information (i.e.. oral. inhalation, and external
exposure SFs) for all radionuclides of potential
concern at the ACME Radiation Co. site are
obtained from IR[S or HEAST. and are shown n
the box on the ollowing page.
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RADIATION CASE STUDY:
TOXICITY INFORMATION FOR RADIONUCLIDES OF POTENPIAL CONCERN®
Radlivactive Ry Inhulation Ingestion Eixternal Ixposure
Ialfife " Decay bung Slope Facior Slope Factor Slope Factor

Radionuclides (yr) : Mode - * Clssification (risk/pCi) (risk/pCi) (risk/yr per pCitm?)
13 2 beta g 788-14 55114 NA

C-14 by RTH beta [ 6.141:-15 910513 NA

P-32 0 beta b 3.08-12 150-12 NA

5-38 0.24 ben D 19013 22K-13 . NA

Co-0b h] beti/gammia Y Lol-10 LK1 L3110
S0 29 beta () 5.0k ‘ RIS NA

s-137 R11] beta D 19131 2801 NA

Ra-220 I(.ﬁﬂ atpha/ganmmyi w 301w 1.215-10 4.28-13
Am-241 432 alphiv/gamn w 4.013-08 3110 Lok-2
Am-243 7380 alpha/gamma . w 4.01:-08 11610 loti-12

* Sources: HEAST and Federat Guidinee Report No. 11, All informition in this cxample is for iltusiration only.

NA - Nowapplicable (i.c., these rdionuclides are nol ganmmia-cmitiers and the direct radismion cxpusure pathway coan be ignored).
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Calculate Risk-based PRGs. At this step. risk-
based PRGs are calculated for each radionuclide of
potential concern using the reduced risk Equation
(11°) in Section 4.1.2, SF values obuained from
IRIS and HEAST. and standardized default values
for parameters for the residential land-use
scenario. To calculate the risk-based PRG for Co-
60 at a pre-specified target risk level of 10, for
example, its ingestion SF of 1.5 x 10} and its
external exposure SF of 1.3 x 10°'9 are substituted
into Equation (117), along with the standardized
default values, as follows:

Risk-based PRG = 1x10* .
for Co-60 1.3 x 10°(SF,) + 3.4 x 10° (SF,)
(pCig TR = 109) ,

where:

SF, = oral (ingestion) slope factor for Co60 = 15 x

104 (risk/pCi)*

SF, = external exposure siope factor for Co-60 = 13
x 107 (riskAr per pCim®)

Substituting the values for SF, and SF, for Co-60
into Equation (11°) results in:

Risk-based PRG for Co-60 (pCi/g; TR = 10%) =

1 x 10*
[(13x 10°)(15 x 107%) + (3.4 x 10°}(1.3 x 107'9))

= 0.002 pCi of Co-60/g of soil

In a similar manner, risk-based PRGs can be
calculated for all other radionuclides of concemn in
soil at the ACME Radiation Co. site. These PRGs
are presented in the next box.

433 AFTER THE BASELINE RISK
ASSESSMENT

In this subsection, several steps are outlined
which demonstrate how site-specific data obtained
during the baseline risk assessment can be used to
recaiculate risk-based PRGs for radionuclides in
soil. Appropriate sections of Chapters 2 and 3
should be consuited for more detailed explanations
for each step considered below.

Review Media of Concern. During the RI/FS,
gamma radiation surveys were conducted in the
vards of several homes located within a two-block
radius of the ACME Radiation Co. site. Elevated
exposure rates. ranging from approximateiy two to
four times the natural background rate, were

RADIATION CASE STUDY:
INITIAL RISK-BASED PRGs FOR
RADIONUCLIDES IN SOIL*®

Radionuclides Risk-based Soil PRG (pCi/y)
H-3 14,000

Sr-90 (onty) 23

P-32 220

S-35 _ 3,500

C-14 850

Co-50 ' 0.002
Cs-137 (only) 27

Ra-226 (onty) 0.6
Am-241 0.2
Am-243 (only) 79 x 10°

* Calculated for illustration only using Equation
(117) in Section 4.1.2. Values have been rounded
off. )

measured on properties immediately bordering the -

site. Measurements onsite ranged from 10 to 30
times background. In both.cases. enhanced soil
concentrations of Ra-226 (and decay products) and
several other gamma-emitting radionuclides were
discovered to be the sources of these elevated
exposure rates. Therefore, soil. continues as a
medium of potential concern.

Modify List of Radionuclides of Concern.
During scoping. five radionuclides (Ra-226. H-3.
C-14, Cs-137, and Sr-90) were detected in elevated
concencrations in soil samples collected at the
ACME Radiation Co. site. These made up the
initial list of radionuclides of potential concern.
Although not detected during the first round of
sampling, five additional radionuclides (P-32. S-35.
Co-60, Am-241. and Am-243) were added to this
list because of their potential to migrate from
buried leaking drums into the surrounding soil.

With additional RIFS data, some
radionuclides are now added to the list. while
others are dropped. For example, soil analyses
failed to detect P-32 (14-day half-life) or S-35 (87-
day haif-life) contamination. Decay correction
calculations  strongly suggest that
radionuclides shouild not be present onsite in
detectable quantities after an estimated burial time
of 30 vears. Therefore, based on these data, P-32

and S-33 are dropped {rom the list. Soil data also.

confirm that decay products of Ra-226, Sr-90. Cs-
137. and Am-243 (identitied in the first box below)

1071

these .

001071



are present in secular equilibrium (i.e.. equal
activity concentrations) with their respective parent
isotopes.

Assuming secular equilibrium, slope factors for
the pareat isotope and each of its decay series
members are summed. Pareat isotopes are
designated with 2 "+D" to indicate the composite

slope factors of its decay chain (shown in bold face

in the second box below). Thus, Ra-226+D. Sr-
90+D, Cs-137+D, and Am-243+D replace their
respective single-isotope vaiues in the list of
radionuclides of potential concern. and their

. composite SFs are used in the fuil soil pathwav

equation to recalculate risk-based concentrations.

-

RADIATION CASE STUDY: DECAY PRODUCTS

Pareat Radionuctide Decay Product(s) (Half-life)
Ra-226 Rn.-222 (4 days), Po-218 (3 min), Pb-214 (27 min), Bi-214 (20
min), Po-214 (<1 s), Pb-210 (22 yr), Bi-210 (5 days), Po-210
(138 days)
Sr-90 Y-90 (14 hr)
Cs-137 Ba-137m (2 min)
Am-243 Np-239 (2 days)

RADIATION CASE STUDY: SLOPE FACTORS FOR DECAY SERIES®

Slope Factors
Decav Series Inhaiation Ingestion External
Ra-226 3.0E-09 1.2E-10 42E.13
Rn-222 7.2E-13 - 2.2E-14
Po-218 58E-13 23E-14 0.0E+00
Pb-214 29E-12 1.8E-13 1.5E-11
Bi-214 2.2E-12 1.4E-13 8.0E-11
Po-214 2.8E-19 1.0E-20 4,7E-15
Pb-210 1.7E-09 6.5E-10 1.8E-13
Bi-210” S.1E-11 1.9E-12 0.0E+00
Po-210 27EDY 2.6E-10 4.8E-16
Ra-226+D 7.5E09 1L.OE9 9.6E-11
Sr-90 S.6E-11 33E-1L 0.0E+00
Y% 3.5E-12 3.2E-12 0.0E+00
Sr-90+D 6.2E-11 3.6E-11 0.0E+00
Cs-137 1.9E-11 28E-I11 0.0E+00
Ba-137m 6.0E-16 24E.13 3.4E.11
Cs-137+D 1.9E-11 28E-11 J4E-11
Am-243 4.0E-08 3.1E-10 3.6E-12
Np-239 1.5E-12 9.3E-13 L.1E-11
Am-243+D 4.0E-08 J.1E-10 1.SE-11

* All information in this example is lor illustration purposes onty.
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Review Land-use Assumptions. At this step.
the future land-use assumption chosen during
scoping is reviewed. Since the original assumption
of future residential land use is supported by RI/FS
data, it is not modified.

Modify Exposure Pathways, Parameters, and
Equations. Based on site-specific information, the
upper-bound residence time for many of the
individuals living near the ACME Radiation Co.
site is determined to be 45 years rather than the
default value of 30 years. Therefore, the exposure
duration parameter used in Equation (11) in
Section 4.1.2 is substituted accordingly. [t is also
determined that individuals living near the site are
only exposed to the external gamma radiation field
approximately 18 hours each day, and that their
homes provide a shielding factor of about 0.5 (i.e..
50%). Therefore, values for T, and S, are changed
to 0.75 (i.e., 18 hr/24 hr) and 0.5. respectively.

Modify Toxicity Information. As discussed
above in the section on modifying the list of
radionuclides of concern, oral, inhalation, and
external exposure slope factors for Ra-226. Sr-90,
Cs-137, and Am-243 were adjusted to account for

the added risks (per unit intake and/or exposure)
contributed by their respective decay series
members that are in secular equilibrium.

Recalculate Risk-based PRGs. At this step,
risk-based PRGs are recalculated for all remaininy
radionuclides of potential concern using the full
risk equation for the soil pathway (i.e.. Equation
(11)) modified by revised site-specific assumptions
regarding exposures, as discussed above.

To recaiculate the risk-based PRG for Co-60
at a pre-specified target risk level of 10, for
example, its ingestion SF of 1.5 x 10°!1, and its
external exposure SF of 1.3 x 10710 are subsumted
into Equation (11), along with other site-specitic
parameters, as shown in the next box.

In a similar manner, risk-based PRGs can be
recaiculated for all remaining radionuclides of
potential concern in soil at the ACME Radiation
Co. site. These revised PRGs are presented in the
box on the next page.
calculated risk-based PRGs for radionuclides are
below current detection limits, risk assessors
should contact the Superfund Health Risk
Technical Support Center for additional guidance.

RADIATION CASE STUDY: REVISED RISK EQUATION FOR RESIDENTIAL SOIL
RS tor Co60 (pCig, = i TR »
risk-based) (SFux 107 x EF x [F i) + (SFx I0XxED x D xSD x(1-S)x T,)
= 0.003 pCi/g

where:
Parameters Detinition (units) Revised Value
RS radionuclide PRG in soil (pCi/g) -
TR target excess individual lifetime cancer risk (umtless)  10°
SF, oral (ingestion) slope factor (risk/pCi) 13 x 10" (nsk/pCi) .
SF, external exposure slope tactor (nsk/yr per pCim®) 1.3 x 10" (riskiyr per pCiim®)
EF exposure frequency (days/yr) 350 daysnyr
ED exposure duration (yr) 43yt
[Fiiag age-adjusted soil ingestion tactor (mg-yr/day) 5100 mg-yr/day

depth of radionuclides in soii (m) 0 1 m ]
SD soil density (kg/m°) +3 x 10° kym”
S. gzamma shielding factor (unitless) O 5
T, gamma exposure time factor (uaitless) 0.75
(Note: To account tor the revised upper-bound residential residency time of 43 vears, the age-adjusted sail
ingestion tactor was recalculated using the equauon n Section 4.1.2 and an aduit expasure duration of 39 vears
for individuals 7 to 46 vears ot age.) '
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RADIATION CASE STUDY:
REVISED RISK-BASED PRGs FOR RADIONUCLIDES IN SOIL*

Radionuclides ‘ Risk-based Svil PRG (pCu/g)

H-3 10,200
Se-90+D } 20
C-14 620
Co-60 _ 0.003
Cs-137+D 0.01
Ra-226+D ' 0.004
Am-241 02
Am-243+D 0.03

* Calculated for illustration only. Values have been rounded off.
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APPENDIX A

ILLUSTRATIONS OF CHEMICALS
THAT "LIMIT" REMEDIATION

In many cases, one or two chemicals will drive
the cleanup at a site, and the resulting cumulative
medium or site risk will be approximately equai to
the potential risk associated with the individual
remediation goals for these chemicals. These
"limiting chemicals” are generally either chemicals
that are responsible for much of the baseline risk
(because of either high toxicity or presence in high
concentrations), or chemicals that are least
amenable to the selected treatment method. By
cleaning up these chémicals to their goals, the
other chemicals typically wiil be cleaned up t0
levels much lower than their corresponding goals.
The example given in the box below provides a
simple illustration of this principle.

The actual circumstances for most
remediations will be much more compiex than
those described in the example (e.g., chemicals will
be present at different baseline concentrations and

will be treated/removed at differing rates);

however, the same principie of one or perhaps two
chemicals limiting the site cleanup usually applies.
even in more complex cases.

Unless much is known about the performance
of a remedy with respect to all the chemicais
present at the site, it may not be possible to
determine which of the site:contaminants will drive
the final risk until weil into remedy
implementation. Therefore, it generally is not
possible to predict the cumulative risk that will be
present at the site during or after remediation. In !
some situations, enough will be known about the
site conditions and the performance of the remedy
to estimate post-remedy concentrations of
chemicals or to ideatify the chemical(s) that will
dominate the residual risk If this type of
information is available, it may be necessary to
modify the risk-based remediation goals for
individual chemicals.

SIMPLE ILLUSTRATION OF A CHEMICAL THAT LIMITS REMEDIATION

Two chemicals (A and B) are present in ground water at a site at the same baseline concentrations.

Remediation goats were identified for both A and B. Chemical A’s goal is 0.5 ug/L, which is associated with a
potential risk of 10°. Chemical B's goal is 10 ug/L. which-is also associated with a potenual risk of .0*. The
calculated cumuiative risk at remediation goais is therefore 2 x 10®. Assuming for the purposes of this .lustration
that A and B are treated or removed at the same rate, then the first chemical t0 meet its goal will be B.
Remediation must continue at this site, however, unul the goal for chemical A has been met. When the
concentrztion of A reaches 05 ug/L, then remediation is complete.. A is at its goal and has a risk of 10*. B isat
1720 of its goal with a risk of 5 x 10®. The total risk (1 x 10* + 5 x 10%) is appraxdmatety 10® and is due t0 the
presence of A

This exampie illustrates that the final risk for a chemical may not be equal to the potential risk associated with
its remediation goal, and, in fact, can be much less than this nsk. Aithough the potentiat risk associated with
Chemical B’s goal is 10, the final residual risk associated with B is 5 x 10%. Thus, if one were to calculate the
cumutative risk at PRGs prior (0 remedy implementation, one would estimate total medium risk of 2 x 107, however,
the residual cumulauve nsk after remediation is | x 10™.
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APPENDIX B
RISK EQUATIONS FOR INDIVIDUAL

EXPOSURE PATHWAYS

This appendix presents individual risk
equations for each exposure pathway presented in
Chapter 3. These individual risk equations can be
used and rearranged to derive full risk equations
required for calculating risk-based PRGs.
Depending on the exposure pathways that are of
concern for a land-use and medium combination,
different individual risk equations can be combined
to derive the full equation reflecting the
cumulative risk for each chemical within the
medium. See Chapter 3 for examples of how
equations are combined and how they need to be
rearranged to- solve for risk-based PRGs. Note
that in this appendix, the term HQ is used to refer

to the risk level associated with noncarcinogenic -

effects since the equations are for a single
contaminant in an individual exposure pathway.

The following sections list individual risk
equations for the ground water, surface water, and
soil pathways. Risk equations for exposure
pathways not listed below can be developed and
combined with those listed. In particuiar, dermat
exposure and ingestion oOf ground water
contaminated by soil leachate, for which guidance

is currently being developed by EPA, could be
included in the overall exposure pathway
evaluation.

B.1 GROUND WATER OR
SURFACE WATER —
RESIDENTIAL LAND USE

Both the ingestion of water and the inhalation
of volatiles are incfuded in the standard defauit
equations in Section 3.1.1. If only one of these

exposure pathways is of concern at a particular’

site, or if one or both of these pathways needs to
be combined with additional pathways, a site-
specific equation can be derived.

The parameters used in the equations
presented in the remainder of this section are
explained in the following text box.

B.L1 INGESTION

The cancer risk due to ingestion of a
contaminant in water is calculated as follows:

PARAMETERS FOR SURFACE WATER/GROUND WATER — RESIDENTIAL LAND USE
Parameter Definition . Defauit Vatue
C chemical conceatration in water (mg/L) -
SF; inbalation cancer siope factor ((mg/kg-day)™) chemical-specific
SF, oral cancer siope factor ((mg/kg-day)) chemical-specific
RID, oral chronic reference dose (mg/kg-day) chemical-specific
RID, inhaiation chronic -=ference dose (mg/kg-day) chemical-specific
BW adult body weight (kg) 70 kg
AT averaging time (yr) 70 yr for cancer risk
30 yr for noncancer HI (equal to ED)
EF exposure frequency (daysyr) 350 daysir :
ED exposure duration (yr) 30 yr :
K volatilization factor (L/m?) 0.0005 x 1000 L/m’ (Andeiman 1990)
IR, daily indoor inhalation rate (m°/day) 15 m’/day
R, daily water ingestion rate (L/day) 2 Liday
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Risk rom ngesuon = SF, x C x [R.x EFx ED

of water (adult) BW x AT x 363 daysiyr

The noncancer HQ due to ingestion of a
contaminant in water is cdlculated as follows:

HQ due (0 ingestion = C x IR_.XEFxED
of water (aduit) RiD,x BWx AT x 365 daysyyr

B.1.2 INHALATION OF VOLATILES

The cancer risk due to inhalation of a volatile
contaminant in water is calculated as follows:

Riskfrom = SE x C x K x IR xEFx ED
inhalation BW x AT x 365 daysr
of voiatiles :

in water

(adult)

The noncancer HQ due to inhalation of a volatile
contaminant in water is calculated as follows:

HQdueto = X X x EF x ED

inhalation RfD; x BW x AT x 365 dayspr

of volaties

in water

(aduit)

B.2 SOIL — RESIDENTIAL LAND
USE

Only the first exposure pathway below —
ingestion of soil — is included in the standard
defauit equations in Section 3.1.2. If additional
exposure pathways, inciuding inhalation of volatiles

and/or inhalation of particulates. are of concern at
a particular site, then a site-specific equation can
be derived.

The parameters used in the equations
presented in the remainder of this section are
explained in the text box below.

B.2.L INGESTION OF SOIL

The cancer risk from ingestion of
contaminated soil is caiculated as follows:

Risk from = SF_x C x 10° kg/mg x EF x IF ings
ingestion AT x 365 daysiyr

of soil .

The noncancer HQ from ingestion of
contaminated soil is calculatea as follows:

HQfrom = Cx 10%ke/mgx EF x [F oy
ingestion RID, x AT x 365 days/yr

of soil

B2.2 INHALATION OF VOLATILES

The cancer risk caused by inhalation of
volatiles released from contaminated soil is:

Risk rom = SExCxEDXxEFXxIR x(I/VE)
inhalation AT x BW x 365 daysir
of volatiles

The equation for calculating the noncancer HQ
from inhalation of volatiles released from soil is:

PARAMETERS FOR SOIL — RESIDENTIAL LAND USE
Parameter Detinition Default Value
C chemical concentratict: in soil (mg/kg) -
SF, inhalation cancer slope factor ((mg/kg-day)™) chemical-specific
SF, oral cancer siope factor ((mgkg-day)™) chemical-specific
RID, oral chronic reference dose (mgkg-day) chemical-speaific
RD; inhalauon chronic reference dose (mg/kg-day) chemical-specific
BW adult body weight (kg) 70 kg
AT averaging time (yr) 70 yr for cancer risk

30 yr for noncancer HI (equal to ED)

EF exposure frequency (days/yr) 350 daysiyr
ED exposure durauon (yr) 30yr
IR, daily indoor inhalation rate (m°/day) 15 m’/day
IF oaa) age-adjusted soil ingestion factor (mg-yr/kg-day) 114 mg-yr/kg-day
VF sotl-to-air volaulization factor (m”/kg) chemical specific (see Secuon 3.3.1)
PEF particulate emussion factor (m’/kg) 4.63 x-10° m’/kg (see Section 3.3.2)
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HQ from = X X 3 X
inhaiation RID, x BW x AT x 365 daysiyr
of volatiles

B.23 INHALATION OF PARTICULATES

Cancer risk due to inhalation of
contaminated soil particulates is calculated as:

Risk = SFE xCxED x EF x IR, x (1/PEF)
from AT x BW x 365 daysiyr

inhala-
tion of
particulates

The noncancer HQ from particulate mhalanon is
calculated usmg this equation:

HQffom = Cx x EF x IR, x

inhalation RfD; x BW x AT x 365 days/yr
of paru- .
culates

B3 SOIL — COMMERCIAL/
INDUSTRIAL LAND USE

All three of the exposure pathways
detailed below are included in the standard default
equagion in Section 3.2.2. If only one or some
combination of these exposure pathways are of
concern at a particular site, a site-specific equation
can be derived.

The parameters used in the equations
presented in the remainder of this section are
explained in the text box below.

B.3.1 INGESTION OF SOIL

The cancer risk from ingestion of
contaminated soil is calculated as follows:

Risk trom = SE, xCx 10° kgmgx EF x ED x IR,

ingestion BW x AT x 365 daysyr
of soil

The noncancer HQ from ingestion of contaminated
soil is calculated as follows:

Cx10*ke/mgx EF x ED x [R.,

HQ from =
ingestion RfD, x BW x AT x 365 days/r
of sail

B32 INHALATION OF VOLATILES

The cancer risk caused by inhalation of
volatiles released from contaminated soit is:

Riskfrom = SFE.xCxEDx EFxIR. x(I/VF)
inhalation - AT x BW x 365 daysyr
of volatiles s

The equation for calculating the noncancer HQ
from inhalation of volatiles rejeased from soil is:

HQ from = CxEDx EF x [R.. x (I/VF)
inhalation RD, x BW x AT x 365 daysiyr
of volatiles .

Note that the VF value has been developed
specifically for these equations: it may not be
applicable in other technical contexts.

PARAMETERS FOR SOIL — COMMERCIAL/INDUSTRIAL LAND USE
Parameter Definition Defauit Value
C chemical concentration in soil (mg/kg) -
SF, inhalation cancer slope factor ((mg/kg-day)™) chemicai-specific
SF, oral cancer siope factor ((mg/kg-day)') chemical-specitic
RD, oral chronic reference dose (mg/kg-day) chemical-specific
R, inhalation chronic reference dose (mg/kg-day) chemical-specific
BW adult body weight (kg) 70 kg
AT averaging time (yr) 70 yr for cancer risk

30 yr for noncancer HI (equal 10 ED)

EF exposure frequency (daysyr) 250.daysiyr
ED exposute duration (yr) Sy
IR, workday inhatauon rate (m’/day) 20 m’/day
R,y soil ingestion rate (mg/day) 50 mg/day
VF soil-to-air volatilization factor (m’kg) chemical specific (see Section 3.3.1)
PEF particutate emission factor (m’/kg) 4.63 x 10” m'/ky (see Section 3.3.2)
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B3.3 INHALATION OF PARTICULATES

Cancer risk due to inhalation of
contaminated soil particulates is calculated as:

Risk from = SF. xCxEDxEFx IR, x(U/PEP)
inhalation AT x BW x 365 days/yr
of particulates

o, e
PR AR S

The noncancer HQ from particulate inhalation is

calculated using this equation:

HQ from =

-inhatation

CxEDxEFx IR, x(LPEF)
RID, x BW x AT x 365 daysivr
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